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PREFATORY NOTICE. 


Jacqubs OzANAif, the original composer of the “ Recreations in Mathe* 
matics and Natural , Philosophy/’ was bom in 1640, at Bouligneu, in 
what is now called the department of Ain, in France. His family was of 
Jewish extraction, but had long been members of the Church of Rome ; 
and having landed property to which some ecclesiastical patronage was 
attached, Jacques, who was the younger of two sons, was intended for 
the church ; and he accordingly entered on a course of study suitable for 
his destination. 

He is said to have been of gay, lively, and expensive habits, and to have 
shewn no inclination for theological pursuits. Chemistry, mechanics, &c. 
which have a more obvious connection with the business of life, attracted 
his attention 5 and after his father’s death, which took place about four 
years after he began to read for the church, he abandon^ theology, and 
attached himself to science. 

His opportunities of receiving assistance in his scientific studies, were 
so scanty, that he may be considered as having been self-taught ; and 
though he cann(jt be regarded as having attained great eminence as a 
mathematician, even among his contemporaries, he was the author of a 
good many useful w'orks, whose popularity carried them through 
several editions. 

It would appear, however, that in attaching himself to science, he did 
not at first look to it as a means of living ; for soon after his father*s death 
he removed to Lyons, where he taught mathematics gratuitously, consider- 
ing it a degradation to receive pay for his instructions. 

It is probable, however, that he soon changed liis opinion on the sub- 
ject. He was addicted to gaming ; his private pecuniary resources were 
limited ; and the stem redities of distress would speedily dissipate all 
illusions about the dignity of teaching science for its own sake. 

An act of striking and disinterested liberality, which he performed 
towards two strangers, having been mentioned to the chancellor of France, 
that distinguished personage invited the Lyonnese mathematician, to Paris ; 
where, after some time spent in dissipation, he married a young woman 
without fortune^ but who proved to him a most excellent wife. After 
bearing to him twelve children, all of whom died young, she died in 
1701, deeply lamented by her husband. 

Ozanam subsisted in Paris by teaching mathematics, and met with con- 
siderable success, especially among foreigners. But, upon -the breaking 
out of the war of the Spanish succession, most of his pupils quitting France, 
his professional income became both small and precarious. 

He lived for some years in comparative indigence, but, towards the 
close of his life, his ^fficulties were somewhat alleviated by his being 
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admitted an 41^ve of the Academy of Sciences. He died of apoplexy, at 
Paris, April 3rd, 1717, aged 77 years. 

He was of a mild and cheerful temper, generous to the full extent of 
his means, and of an inventiTe genius ; and his conduct after marriage 
was irreproachable. He was devout, but averse to disputations about 
points of faith. On this subject he used to say, It is the business of the 
Sorbonne to discuss, of the Pope to decide, and of a mathematician to go 
Bright to heaven in a perpendicular line/* 

Jkan Etisnnb Montucla (who so greatly enlarged and improved the 
“ Recreations” of Ozanam, that he may be said to have made the work 
his own,) was the son of a merchant at Lyons, where he was born on Sept. 
5th, 1725. He was left an orphan at the age of sixteen, and was educated at 
the Jesuit’s College in his native town. His attention was chiefly directed 
to the ancient classics ; but having a natural taste for philological studies, 
and a powerful memory, he was enabled to acquire an accurate knowledge 
of several modem languages ; among which Italian, German, Dutch, and 
English are mentioned. Under Le Pere B^^raud, who was subsequently the 
tutor of Lalande, he made considerable proficiency in the study of mathe- 
matics and physics. 

Having completed his course of general education, he studied for the 
legal profession, first at Toulouse, and afterw'ards in Paris ; where at the 
scientific soirees of M. Jambert, he became acquainted with Diderot, 
D’Alembert, Lalande. and other scientific men of the highest character. 

Having published several scientific works, by which he acquired much 
reputation, he began to be employed by the government. He was sent as 
Intendanl Secretary to Grenoble, where he married the daughter of M , 
Roland in 1763; and in the following year he was sent as secretary and 
astronomer royal to the expedition for colonising Cayenne. 

On his return to France, after a few years’ absence, he obtained the 
situation of Premier Commis des B^timents,” and in addition the office 
of “ Censor Royal of mathematical wrorks,” an appointment which was 
merely honorar}'. 

It would appear, that though the income which he derived from his offi- 
cial appointment was not large, yet, from his prudent and economical 
habits, it was sufficient for the immediate wants of himself and his family. 
He employed his leisure in educating his children, and in scientific pur- 
suits ; following the latter, it is smd, in secrecy, lest he should be suspected 
of neglecting his official duties. 

It was at this time that he edited the new edition of the “Recreations 
and so carefully had he concealed his connection with the work, that, on 
its completion, a copy of it was sent to him, in his capacity of censor, for 
examination and approval. 

Besides expunging ftom the work of Ozanam much that was absurd, 
puerile, and obsolete, he enriched his edition with dissertations upon almost 
every branch of practical science } and much of what he added is valu- 
able even at the present day. 

But the name of Montucla is best known from, his “ History of the 
Mathematics,*’ which contains, besides what is strictly historical, treatises 
upon all the leading departments of the pure and applied sciences ; and 
abounds with interesting details respecting the discoveries and improve- 
tnents which have contributed to their progress. 
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The French Revolution put an end at once to bis office and the little 
savings which his regularity and economy had enabled him to make 
from his income, — throwing him on the world in his old age, stripped of 
every thing but his integrity, and the love and respect of his ^ends. lie 
died on the 18th of December, 1799. 

In 1803, a translation . into English of Montucla’s Edition of Ozanam's 
Recreations, by Dr. Charles Hutton, of Woolwich, was published in Lon- 
don. In this Edition were incorporated many valuable additions and obser- 
vations by the learned and judicious translator, who lived to superintend a 
second edition, which, with still further improvements, was published in 
1814. 

Dr. Hutton was born in Percy Street, Newcastle-upon-Tyne, on August 
14th, 1737. His father, who was employed in the coal works in the 
ndghbom'hood, was understood to be descended from a respectable family 
in Westmoreland, He died when Charles was only five years old ; and 
his widow married a person named Fraim, whose employment was that of 
a colliery over- man. 

From an accident which happened to Charles at play, he was not sent 
when a boy to work in the pits, as his brothers were ; but kept at school 
for some years, in the hope that he might be enabled to earn his bread by 
his scholarship. He -was taught to read by an old woman who conducted 
a little school in the neighbourhood, and to write by a schoolmaster named 
Robson, near Benwell, a village near Newcastle j and he attended after- 
wards a school at Jesraond, kept by the Rev. Mr. Ivison, a clergyman of 
the English Church ; and on Mr. Ivisou’s removal to a curacy in the 
county of Durham, Mr. Hutton succeeded him in his school at Jesinond. 

It would appear tliat between his being the pupil and the successor of 
Mr. Ivison, Hutton had worked for some time (probably not long) as a 
miner at Old Long Benton colliery. 

Mr. Hutton's school at Jesmond soon increased so much that he was 
obliged to remove to a larger room in the neighbourhood. 

While conducting with such success his village seminary, he attended 
in the evenings the school of a Mr. James, at Newcastle, to prosecute his 
studies in mathematics ; and Mr. James some time after dechning his 
school, Mr. Hutton embraced the opportunity of settling in Newcastle as a 
teacher. In that town, the metropolis of the northern counties, his suc- 
<€css was very great : and though his previous associates had been chiefiy 
hinong the humbler classes of society, his manners, as well as his talents, 
rendered him acceptable as a private teacher in the families of the higher 
classes. Among others, he had for his pupils the late Lord Chancellor 
'Eldon, and his lady, who was the daughter of a wealthy banker in New- 
castle. 

While in that town he published his Arithmetic, his Mensuration, and 
his Tract on the principles of Bridges ; and be made for the corpora- 
tion a survey and plan of the town. He became also a leading writer in 
the Ladies' and Gentleman’s Diaries, and other scientific periodicals of 
the day. 

On the death of Mr. Cowley, professor of Mathematics in the Royal 
Military Academy at Woolwich, Mr. Hutton offered himself as a candidate 
for the situation ; and after an examination, which lasted several days, the 



PRSPACB. 


Tiii 

examiners (Bishop Horsley, Dr. Make 8 l 3 me, and Col. Watson) unanimously 
recommended him as pr^erable to all the other candidates, and peculiarly 
well qualified to fill the situation, and he received his appointment accord* 
ingly on May 24th, 1773. 

Soon after his settlement at Woolwich he was elected a Fellow of the 
Itoyal Society j and at a later period he received the degree of LL.D. 
from the University of Edinburgh. 

The Stationers* Company appointed him general Editor of all their 
Almanacs, except the Ladies’ Diary and Poor Robin, and he held the 
appointment for forty-six years. 

The editorship of the Ladies* Diary afforded him an opportunity of 
becoming acquainted with the talents and acquirements of many ingenious 
individuds, who were improving themselves in science by endeavouring 
to solve the mathematical questions proposed in the Diary ; and as oppor- 
tunity occurred, many of them were drawn by his kind discriminqltion from 
obscurity, and placed in situations in which they have been eminently 
useful to society. Indeed it has been justly said, that ** of this class of men 
he was eminently the patron.” 

After filhng with distinguished ability the situation at Woolwich for 
thirty-four years, he was permitted, at his own request, to retire } and the 
Board of Ordnance assigned him a pension of £500 per annum, in testi- 
mony of regard for his long and faithful services. 

He settled in London, and enjoyed for the last sixteen years of his life the 
society of all the leading men distiiiguished for science and worth in the 
metropolis. 

He died on January 27th, 1823, and was buried in the family vault, in 
the Churchyard of Charlton, near Woolwich. 

For a full account of the various scientific labours of Dr. Hutton, and of 
the peculiarities by which he was distinguished as a teacher of science, wc 
must refer our readers to a memoir of him by his friend, and eventual suc- 
cessor in the chair at Woolwich, Dr. Olinthus Gregory, published in the 
Imperial Magazine for March 1823. 

Both Editions having been long out of print, the present Editor tvas 
induced to undertake the superintendance of a new one ; in which, by omit- 
ting what appeared trifling or of doubtful utility, and introducing in its 
stead a popular account of the more interesting discoveries in modem 
science, the work might continue to be to the present generation a useful 
manual of Scientific Recreation, as its predecessors have been to the 
generation which has passed. 


Greenwich Hospital, 

1 4th September, 1840. 
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MATHEMATICAL AND PHILOSOPHICAL 


RECREATIONS. 


PART FIRST. 

CONTAINING THE MOST CCRIOUS PROBLEMS AND MOST INTERESTING 
TRUTHS IN REGARD TO ARITHMETIC. 

Arithmetic and geometry, according to Plato, are the two wings of the mathema- 
tician. The object indeed of all mathematical questions, is to determine the ratios 
of numbers, or of magnitudes; and it may even be said, to continue the comparison 
of the ancient philosopher, that arithmetic is the mathcmaiiciatrs right wing; for it 
is an incontesiible truth, that geometrical determinations would, for the most part, 
present nothing satisfactory to the mind, if the ratios thus determined could not be 
reduced to numerical ratios. This justices the common practice, which we shall 
here follow, of beginning with arithmetic. 

This science affords a wide field for speculation and curious research : but in the 
collection which we here present to the mathematical reader, we have confined our- 
selves to what is best calculated to excite the curiosity of those who have a taste for 
mathematical pursuits. 


CHAPTER I. 

OF OITR numerical SYSTEM, ANi> THE DIFFERENT KINDS OF ARITHMETIC. 

It has been generally remarked, that all or most of the nations with which we are 
acquaintetl, reckon by periods of ten ; that is to ?ay, after having counted the units 
from 1 to 10, they begin and add units to the ten ; having attained to two tens, or 
20, they continue to add units as far as 30, or three tens ; and so on, in succession, 
till they come to ten tens, or a hundred ; of ten times a hundred they form a thou- 
sand, and so on. Did this arise from necessity ; was it occasioned by any physical 
cause ; or was it merely the effect of chance ? 

No person, after the least reflection on this unanimous agreement, will entertain 
any idea of its being the effect of chance. There mn be no doubt that this system 
derives its origin from our physical conformation. All men have ten fingers, a very 
few excepted, who, by some lusus nature, have twelve. The first men 
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to reckon on their tingcTs. When they had exhausted them by reckoning the units, 
it WES necessary that they should form a first total, and again begin to reckon the 
same figures till they had exhausted them a second time ; and so on in succession. 
Hence the origin of tens, which being confined, like the units, to the number of the 
fingers, could not be carried beyond it, without forming a new total, called a hun- 
dred ; then another called a thousand, and so on. 

From these observations, a curious consequence may be drawn. If nature, instead 
of ten fingers, had given us twelve, our system of numeration would have been 
diiSerent. After 10, instead of saying ten plus one or eleven, ten plus two or twelve, 
we should have ascended by simple denominations to twelve, and should then have 
counted twelve plus one, twelve plus two, &c., as far as two dozens; our hundred 
would have been twelve dozens, &c. A six-fingcred people would certainly have 
had an arithmetic of this kind, which indeed would have sufficiently answered every 
arithmetical purpose, and indeed would have been attended with some advantages, 
which our numerical system does not possess. 

In consequence of an idea of this kind, philosophers have been induced to examine 
the properties of other numerical systems. The celebrated Leibnitz proposed one, 
ill which onl) two characters, 1 and 0, w'ere to be employed. In this system of 
arithmetic, the addition of an 0 multiplied every thing by two, as it does by ten in 
common arithmetic, and the numbers were expressed as follow : 


One 1 


Two 10 

Twelve 

Three 11 


Four 100 

Fourteen , 1110 



Six 110 

Sixteen ........t, , 10 0(X) 

Seven Ill . 

Eight lOOO 

Nine 1001 

Ten 1010 

Thirty-two 1(X),000 

Sixty-four 1,000,000 

Two thousand three buudied 
and seventy-nine .. 100,101,001,011 


As Leibnitz found in the above mode of expressing numbers some peculiar advan- 
tages, be publi&bed, in the Memoirs of the Academy of Sciences at Berlin, rules 
for performing, in this kind of arithmetic, the usual operations of common 
arithmetic. But it may be readily perceived, that this new .system, if introduced 
into practice, would be attended with the iiiconvetiiciice of requiring too many 
figures : twenty would be necessary to express a number equal to about a million. 

One curious circumstance in regard to this binary arithmetic Inu^t not be here 
omitted. It serves to explain, as some pretend, a Chinese symbol, which has 
occasioned great embarrassment to the learned who have applied to the study 
of the Chinese antiquities. This symbol, which is highly revered by the Clunesc, 
who ascribe it to their ancient emperor Folii, consists of certain characters, formed 
by the diff'erent combinations of a small whole line and a broken one. Father Bou- 
fet, a celebrated Jesuit, who resided some time in Cbina os a missionary, having 
beard of Leibnitz* ideas, observed, that if the whole line were supposed to repre- 
sent our 1, and the broken line our 0, these characters would be nothing else than a 
series of numbers expressed by binary arithmetic. It is very singular, that a Chinese 
enigma should find its (Edipus only in Europe; but perhaps in this explanation there 
is more of ingenuity than truth. 

If the binary arithmetic of Leibnitz is entitled to no farther notice, than to be 
classed among the curious arithmetical speculations, the case howcvei is not the same 
with duodenary arithmetic, or that kind which, as already observed, would have been 
brought into use had men been born with twelve fingers. This arithmetic would 
Indeed have been as expeditious as the arithmetic now employed, and even somewhat 
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more so ; the number of the characterg, which would have received an increase onlf 
of two, to express ten and eleven, w’ould have been as little burthensome to the 
memory as the present characters, and would have been attended with advantages 
which ought to make us regret that this system was not originally adopted. 

It is not improbable, however, that the duodenary system would have been pre- 
ferred, had philosophy presided at the invention; for it would have been readily seen 
that twelve^ of all the numbers from 1 to 20, is that which possesses the advantage 
of being small, and of having the greatest number of divisors ; for there arc no less 
than four divisors by which it can be divided without a fraction, viz., 2, 3, 4, and 6. 
The number 18 indeed has four divisors also; but being larger than 12, the latter 
deserves to be preferred for measuring the periods of numeration. The first of 
these periods, from 1 to 12, would have had the advantage of being divisible by 2, 3^ 
4, 6 ; and the second, from 1 to 144, by 2, 3, 4, 6, 6, 9, 12, 16, 18, 24, 36, 48, 72; 
whereas, in our system, the first period, from one to ten, has only two divisors, 2 
and 5 ; and the second, from one to a hundred, has only 2, 4, 5, 10, 20; 25, 50. It is 
evident, therefore, that fractions would less frequently have occurred in the desig- 
nation of numbers in that way, namely by twelves. 

But what would have been most convenient in this mode of numeration, is that, 
in the divisions and sub-divisions of measures, it might have introduced a duodecimal 
progression. Thus, as the foot has by chance been divided into 12 inches, the inch 
into 12 linos, and the line into 12 points; the pound might have been divided into 
12 ounces, the ounce into 12 drams, and the dram into 12 grains, or parts of any 
other denominations ; the day might have been divided into 12 equal portions called 
hours, the hour into 12 other parts, each equal to 10 minutes, each of these parts 
12 others, and so on successively. The case might have been the same in regard to 
measures of capacity. 

Should it be asked, wdiat w’ould be the advantages of such a division ? we might 
reply as follows. It is well known, by daily experience, that when it is necessary 
to divide any measure into 3, 4, or 6 parts, an integer number in the measures of a 
low'cr denoniiiiution cannot be found, or at least only by chance. Thus, the third or 
the sixth of a pound averdupois does not give an exact number of ounces ; and the 
thiid of a pound sterling does not give an integer number of bhillings. The case is 
the same in regard to the bushel, and the greater part of the other measures of ca- 
pacity. These inconveniences, which render calculations exceedingly complex, 
W'ould not take place if the duodecimal progression were every where ioUowed. 

There is still another advantage which would result from a combination of duode- 
nary arithmetic, with this duodecimal progression. Any number of pounds, shillings, 
and pence; of feet, inches, and lines; or of pounds, ounces, &c., being given, they 
would be exprcs.scd os w'hole numbers of the same kind usually are in common arith- 
metic. Thus, for example, supposing the fathom to consist of 12 feet, as must ne- 
cessarily be the case in this system of niiiiieration, if we had to express 9 fathoms 5 
feet 3 inches and 8 lines, w'c should have no occasion to write 9^ 5^3* 8*, but merely 
9538 ; and whenever we had a similar number expressing any dimension in fathoms, 
feet, inches, &e., the first figure on the right would express lines, the second inches, 
the third feet, the fourth fathoms, and the fifth dozens of fathoms, which might be 
expressed by a simple denomination, for example a perch, &c. In the last place, 
when it might be necessary to add, or subtract, or multiply, or divide, similar quan- 
tities, we might operate as with w'hole numbers, and the result would in like manner 
express, according to the order of the figures, lines, inches, feet, Ac. 

It may easily be conceived how convenient this would be in practice. On this 
account Stevin, a Dutch mathematician, pioposcd to adapt 'the subdivisions ot 
weights and measures to our present system of numeration, by making them decrease 
In decimal progression. According to this plan, the fathom would have contained 
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10 ^ the foot 10 inches, the inch 10 lines, &c. But he did not relief on the in* 
coni^enience of depriving himself of the advantage of being able to divide his mea* 
snares, &c. by 3, 4, and 6, without a fraction, which is indeed of some importance. 

On the suggestion of Borda, the centesimal division of the qupdrant has been 
adopted in France. Having divided the quadrant into 100 equal parts, called gradet^ 
each grade is divided into 100 parts for minutes, and each minute into 100 parts for 
seconds, &c. - , 

Let S — any arc in the sexagesimal division, and D the same arc in the decimal 
division ; then 

S909 9D 

D ~ l5) “”10* — 10*"'^®“" 9 — ® + 9 

Therefore, to reduce an arc expressed decimally to sexagesimals, multiply by 9, and 
divide the product by 10. To reduce sexagesimals into decimals, to the arc expressed 
sexagesimally, add its ninth part. 

Example. — What is the sexagesimal value of 34** 2896? 

34-2896 
• 9 

30®-86064 
60 

51-63840 

60 

38-30400 

Answer.— 30° 51' 38" 304. -=:=7 

Conversely, it is required to express 30° 51' 38" 304 decimally ? 

60 38-304 
60 51-6384 
30 86064 

Add 1.9th 3-4289C 

Answer 3428960 

On the basis of llie decimal division the French have also constructed their system 
of national measures. The distance from the pole to the equator being determined by 
computations founded on an extensive scries of trigonometrical operations ; its ten 
millionth part, or the tenth part of a decimal angular second, equal to 39’371 English 
inches, constitutes the metre^ which is the French unit of length. From this metre 
the several measures of surface and capacity are derived, and a given measure of wa- 
ter at its greatest concentration furnishes the standard of weights. 

Whether, with its many apparent advantages, fhis method of division is ever likely 
to be generally adopted seems very doubtful In the mean time its partial introduc- 
tion is productive of much inconvenience, as it not only deranges our habits, but 
lessens the utility of our instruments and tables, all of w'hich have been adapted to 
tbe old system. 

It is evident that in the duodenary arithmetic, the nine first numbers might be ex- 
pressed as usual, by the nine known characters, I, 2, 3, &c. ; but as the period ought 
to terminate only at twelve, it would be necessary to express ten and eleven by sim- 
ple characters. In this case we might choose f to denote ten, and & to denote eleven, 
and then it is evident that, 

10 would express twelve. 


11 thirteen. 

13 fifteen. 

15 seventeen. 

IB twenty. 

twenty-two. 
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twenty-three. 

20 • twenty-four. 

40 forty-eight. 

60 geventy-two. 

100 a hundred and forty-four. 

900 four hundred and thirty-two. 

1000 • ... one thousand seven hundred And twenty-eight. 

2000 three thousand four hundred and fifty-six. 

10,000 twenty thousand seven hundred and thirty-six. 

100,000, &c. two hundred and forty-eight thousand eight hundred and 

thirty-two. 


Thus the number denoted by the figures (p943 would be eighteen thousand six 
hundred and twenty-seven ; for (pOOO is eighteen thousand two hundred and eighty, 
900 is one thousand two hundred and ninety-six, 40 is forty-eight, and' 3 is three 
numbers, which if added will form the above sum. 

It would be easy to form a set of rules for this new arithmetic, similar to those of 
common arithmetic ; but as it does not seem likely that this mode of calculation will 
ever be brought into general use, we shall confine ourselves to what has been already 
said on the subject, and only add, that a book was printed in Germany, in which the 
common rules of arithmetic were explained in all the systems, the binary, ternary, 
quaternary, and so on, to the duodenary inclusively. 


ON THE ARITHMETIC Of THE GREEKS. 

The Greeks divided all their numbers, as we do ours, into periods of tens ; but for 

the want of the happy idea of giving a local value to their numerical symbols, they 

were obliged to employ thirty-six characters, most of which were derived from their 
alphabet. 

Thus our digits 1, 2, 3, 4, 5, 6, 7, 8, 9, 

Were represented by. /S, y, 8, », r, i:, »i, 8, 

And 10, 20, 30, 40, 50, 60, 70, 80, 90 

by I, X, A, fXy y, 0, ?r, q 

For hundreds they had /?, r, t, u, (p, x* 

And for the thousands they had recourse again to the characters of the simple units, 
with the addition of a little dash below. Thus ,a= 1000, ,6 = 2000, &c. 

With these characters they could express any number under 10,000, or a myriad. 
Thus 991 was ’5) q « ; 7382, tt /3 ; and 4001, >. 

In order to express myriads, they placed the letter M below the character repre- 
senting the number of myriads they intended to indicate, as for 10000, for 

43720000. This is the notation -employed by Eutocius, in his commentaries on 
Archimedes. 

Diophantus and Pappus represented their myriads by the letters Mu, or more 
simply still, by a point, placed after the number, thus 43728097 is expressed by 
8 T 0 jS. My 9 or 8 t o 0. q 

The number 100,000,000 was the greatest extent of the Greek arithmetic ; but 
Archimedes indefinitely increased it, when he invented bis system of Octates, or 
periods of eight. He assumed 100,000,000 as anew unit, and called the numbers which 
he formed with it numbers of the second order ; then assuming the square, cube, &c. 
of 100,000,000 successively as a new unit, he obtained numbers of the third, fourth, 
and higher orders. 

This idea of Archimedes, we are informed by Pappus, Apollonius greatly improved: 
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by reducing the octatcs to periods of fours, and dividing all numbers into orders of 


myriads ; thus the number 793 2. 3846. 2 643; 

written according to the notation of Appollonius, is ? ^ ^ /9. y w /u ;. iS ^ y » 


the.fir8t period of four to the right being units, the next myriads, the next double 
myriads, or numbers of the second order. The next would be numbers of the third 
order, and so on indefinitely. 

Having given a local value to his periods of fours, it was only necessary to 
have done the same for single digits, to have arrived at the system in present use ; 
and it is astonishing that he did not perceive the advantages of doing so ; and the 
more singular, as the use of the cipher was not unknown to the Greeks, being always 
employed in their sexagesimal operations, when it was necessary, as in the division of 
the circle, of which ours is still a representative, as is evident from the following 
example : 

0 >9' rT /r 59' 8" 17"' 13"^ 

Having given an idea of the Grecian notation for integer numbers, we next proceed 
to their method of representing fractions ; which was by placing the denominator 
above, and to the right of the numerator ; thus represented Jj. But when the 
numerator was unity, a small dash was placed to the right of the denominator, as y 
for ^for ). And the fraction J had a particular character, as c or c' or K'. 

It now remains for us to explain the method employed by the ancients in perform- 
ing the common rules of arithmetic with this complicated system of notation. 

The examples below, of addition and subtraction, require no explanation, being 
performed exactly as we do ours, proceeding from riglit to left ; but to this metliod, 
though so clearly the most simple, the Greeks did not constantly adhere, as there are 
many instances which make it evident that they did both addition and subtraction 
from left to right. 


Example in Addition, 
w/* ,y ^ X « 847.3921 

l,riv 60.8400 

^6t xa 908.2321 


Example in Subtraction, 
^ ^ 93636 

B.yv $ 23409 

j:. g-x? 70227 


In multiplication they usually proceeded from left to right, as we do in multiplica- 
tion of algebra, and placed their successive products without much apparent order ; 
but as each of their characters retained its own proper value wherever it was placed, 
this want of order only rendered the addition a little more troublesome. 

In the examples which follow we will mark the myriads by an m, the thousands 
by the hundreds by ", &-c., and so make the partial products in the Greek, and the 
translation identical. With this arrangement the reader will find it extremely easy 
to follow the work. 


p y 
p >y 

«. ft T 
ft <p p» 
r p V ^ 

$»,y 


1" 5' 3 
1" 5' 3 

Iffi 

5"' 2"' 5" 1" 5' 

3"1 5' 9 

2^ 3'" r , 9 = 23409 


The division of the Greeks was still more intricate than their multiplication ; for 
which reason, it seems, they generally preferred the sexagesimal division ; and no ex- 
ample is left at length by any of their writers, except in the latter form ; but these 
are sufficient to throw some light on the process they followed in the division of com- 
mon numbers ; and Delambre, in an essay subjoined to the French translation of 
Archimedes, has accordingly supposed the following example : 
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T K $,^yt h9 tt) X y 
pir0,/y ,0( cv X y 

pv* T X 0 

FA**- 

X $ 

,• w 1$ 

,t V $ 6 


SS^”* 3'" 3" 2^9 Cl'" 8^ 2^ 3 

1?^— 2- 2 zz Qzz 2^ 3 

1 ^ 0329 

145 8 4 
4 192 9 
3 6 46 
5 469 
5 469 


The example will be found, on a slight inspection, to resemble that sort of divi- 
sion in which wc divide feet, inches, and parts by similar denominations, which, 
together with the number of characters they employed, must have rendered this rule 
extremely laborious ; and that for the extraction of tbe square root must have been 
equally difficult ; the principle of which was the same as ours, except in tbe differ- 
ence of the notation j though it appears that they frequently, instead of making use ot 
the rule, found the root by successive trials, and then squared it to prove the truth 
of their assumption. 


CHAPTER 11. 

OF SOME SHORT METHODS OP PERFORMING ARITHMETICAL OPERATIONS. 

SECTION I. 

Method of Subtracting ieveral Numbera from several other given Numbers^ without 
making partial Additions* 

To give tbe reader an idea of this operation, one example will be sufficient. Let 
it be proposed to subtract all the sums below the line at B, from all those above it 
at A. Add, in the usual manner, all the lower figures of the first column on the 
right, which will make 14, and subtract their sum from the 
next highest number of tens, or 20. Add the remainder 6 to 
the corresponding column above at A, and the sum total will be 
23. Write down 3 at the bottom, and because there were here 
tw'o tens, as before, there is nothing to be reserved or carried. 

Add, in like manner, the figures of the second lower column, 
which will amount to 9, and this sum taken from 10 will 
leave 1 ; add 1 therefore to the second column of the upper 
numbers, the sum of which w’ill be 20 ; write down 0 at the 
bottom, and because there were here two tens, while in the 
lower column there was only one, reserve the difference, and substract it from the 
next column of the numbers marked B before you begin to add. In the con- 
trary case, that is to say when there are more tens in. any one of the columns marked 
B than in the corresponding column above it, the difference must be added. In the 
last place, when it happens that this difference canntit be taken from the next column 
below, for want of more significant figures, as is the case here in the fifth column, 
we must add it to the upper one, and write down the whole sum below the line. By 
proceeding in this manner, we shall have, in tbe present instance, 162003 for the 
remainder of the subtraction required. 

SECTION II. 

Some Short Methods of performing Multiplication and Division* 

I. Every one, in the least acquainted with arithmetic, knows, thtft to multiply and 


56243 

84564 

3252 

20848 


2942) 
3654 Cb 
2308) 


162003 
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number by 10, nothing is necessary but to add to it a cipher ; that to multiply by 
100, two must be added, and so on. 

Hence it follows, that to multiply by 5, we have only to suppose a cipher added to 
the number, and then to divide it by 2. Thus, if it were required to multiply 127 
by 5 ; suppose a cipher added to the former, which will give 1270, and then divide 
by 2 : the quotient 635 will be the product required. 

In like manner, to multiply any number by 25, we must suppose it multiplied by 
100, or increased by two ciphers, and then divide by 4. Thus 127 multiplied by 25, 
will give 3175. For 127 when increased by two ciphers makes 12700, which being 
divided by 4, produces 3175. 

According to the same principle, to multiply by 125, it will be sufficient to add 
three ciphers to the multiplicand, or to suppose them added, and then to divide by 8. 
The reason of these operations may be so readily conceived, that it is not necessary 
to explain it. 

H. The multiplication of any number by 11 may be reduced to simple addition. 
For it is evident that to multiply a number by 11, is nothing else than to add the 
inimber to its decuple, that is to say, to itself followed by a cipher. 

Let the proposed number, for ex., be 67583 

To multiply this number by eleven, say 3 and 0 make 3 ; write down 3 743413 

in the units place ; then add 8 and 3, which makes 11 ; write down 1 in ~ 

the place of tens, and carry 1 ; then 5 and 8 and I carried make 14 ; write down 4 in 
the third place, or that of hundreds, and carry 1. Continue in this manner, adding 
every figure to its next following one, till the operation is finished, and the product 
will be 743413, as above. 

The same number may be multiplied in like manner, by 111, if we first write down 
the 3, then the sum of 8 and 3, then that of 5, 8, and 3, then that of 7, 5, and 8, and 
so on, adding always three contiguous figures together 

III. We shall only farther observe, that to multiply any number by 9, simple sub- 
traction may be employed. Let us take, for example, the same number as 

'before, G7583 

608247 

To multiply this number by 9, nothing is necessary but to suppose a cipher added to 
the end of it, and then to subtract each figure from that which precedes it, beginning 
at the light. Thus B frorn 0 or 10, leaves 7 ; 8 from 2 or 12, leaves 4 ; and if we 
continue in this manner, taking care to borrow 10 when the right-hand figure is too 
small to admit of the preceding one being subtracted from it, we shall find the nro- 
duct to be 608247. ^ 

The reason of these operations may be readily perceived. For it is evident that 
in the first we only add the number itself to its decuple ; and in the latter, we* sub- 
tract it from its decuple. But in order to form a clearer idea of the matter, it may 
perhaps be worth while to perform the operation at full length. 

Concise operations of a similar kind may be employed in certain cases of division • 
as in dividing, for example, a given number by any power whatever of 5. Thus if 
it were required to divide 128 by^ ; we must double it, which will give 256 ; if we 
then cut off the last figure, which will be a decimal, the quotient will be ^*6 or 
25j(j. To divide the same number by 25, we must quadruple it, which will give 512 ; 
and if we then cut off the two last figures as decimals, we shall have for the quotient 
5and^. To divide by 125, we must multiply the dividend by 8, and cut off three 
figures. In like manner we may divide a given number by any other power of 5 • 
but it must be confessed that such short methods of calculation are attended with no 
great advantage. 
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SECTION III. 

Short Method of performing Multiplication and Division hy Napiers Rods 

or Bones. 


When large numbers are to be multiplied, it is evident that the operation might he 
performed much more readily, by having a table previously formed of each number of 
the multiplicand, when doubled, tripled, quadrupled, and so on. Such a table indeed 
might be procured by simple addition, since nothing would be necessary but to add 
any number to itself, and we should have^thc double , then to add it to the double, 
and we should have the triple, &c. But unless the same figure should frequently 
recur in the multiplicand, this method would be more tedious than that which we 
wished to avoid. 

The celebrated Napier, the sole object of whose researches seems to have been to 
shorten the operations of arithmetic and tiigonometry, and to whom we are indebted 
for the ingenious and ever-memorable invention of logarithms, devised a method of 
forming a table of this kind in a moment, by means of certain rods, whicl^ be has 
described in his work entitled llabdologia, printed at Edinburgh in 1617. The con- 
st! uctiori of them is as follows : 

Provide several slips of card or ivory or metal rods, about nine times as 
long as they urc broad, and divide each of them into 9 equal squares. (Fig. 1.) 
Inscribe at the top, that is to saj in the first square of each slip or rod, one 
of the numbers of the natural series 1, 2, 3, 4, &c., as far as 9 inclusively. 
Then divide each of the lower squares into two parts by a diagonal, drawn 
from the upper angle on the right hand to the lower one on the left, and in- 
scribe in each of these triangular divisions, proceeding downwards, the double, 
triple, quadrui)le, &c. of the number inscribed at the top ; taking care, when 
the multiple consists of only one figure, to place it in the lower triangle, and 
when it consists of two to place the units in the low er triangle, and the tens 
in the upper one, as seen in the figure. It will be necessary to have one of 
, these slips or rods, the squares of which are not divided by a diagonal, but in- 
scribed with the natural numbers from 1 to 9. This one is called the index 



rod. It will be proper also to have several of these slips or rods for each figure. 



The rods being prepared as above, let us suppose 
that it is required to multiply the number 6785399. 
Arrange the seven rods inscribed at the top with the 
figures 6785, &c., close to each other, and apply to 
them on the left hand the index rod, or that inscribed 
with the single figures (Fig. 2) ; by which means we 
shall have a table of all the multiples of each figure 
in the multiplicand ; and scarcely any thing more will 
be necessary but to transcribe them. Thus, for ex- 
ample, to multiply the above number by 6 ; looking 
for 0 on the index rod, and opposite to it in the first 
square, on the right hand, we find 54 ; writing down 


the 4 found in the lower triangle, and addmg the 5 ,n the upper one to he 4. u the 
lower triangle of the next square on the left, which makes 9; down the 9. and 
then add the 5 in the upper triangle of the same square to the 8 m the lower tnungie 
of the next one ; and proceed in this manner, taking care to carry as in comi^i. ad^- 
tion, and we shall find the result to he 40712394, or the product of 6785399 multi- 
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Compound multiplication, or by several figures, may be performed in the same 
manner, and with equal facility. Let us suppose, for example, that the same number 
is to be multiplied by 839938. Write down the multiplicand, and 
the multiplier below it in the usual manner ; and as the first figure 
of the multiplier is 8, look for it in the index rod, and by adding 
the difierent figures in the triangles of the horizontal column 
opposite to it, the sum will be found to be 54283192, or the 
product of the above number by 8, which must be written down. 

Then find the sum of the figures in the horizontal column opposite 54283192 
to 3, and write the sum down as before, but carrying it one place 58993144852(12 
farther to the left. Continue in this manner till you have gone ^ ■■ ■■ 
through all the figures of the multiplier, and if the several partial products be then 
added as usual, you will have the total product, as above expressed. 

A similar artifice may be employed to shorten division, especially when large sums 
are to be often divided by the same divisor. Thus, for example, if the number 
1492992 is to be divided by 432, and if the same divisor must frequently occur, con- 
struct, in the manner above described, a table of the multiples of 432, which will 
scarcely require any farther trouble than that of transcribing the numbers, as may be 
seen here on the left. 


6785399 

839938 


54283192 
20356197 
61068591 
61068591 
20356197 


1 ... 432 

2 ... 864 

3 ... 1296 

4 ... 1728 

5 ... 2160 
G ... 2592 

7 ... 3024 

8 ... [1456 

9 ... 3888 


1492992 ( 3456 
1296 
1969 

172s 

2419 

2160 

2592 

2592 

0000 


When this is done, it may be readily perceived, that since 432 is not contained in the 
first three figures of the dividend, some multiple of it must be contained in the first 
four figures, viz., 1492. To find this multiple, you need only cast your eye on the table, 
to observe that the next less multiple of 432 is 1296, which stands opposite to 3 ; write 
down 3 therefore in the quotient, and 1296 under 1492, then subtract the former 
from the latter, and there will remain 196, to which if you bring down the next 
figure of the dividend, the result will be 1969. By casting your eye again on the 
table, you will find that 1728, which stands opposite to 4, is the greatest multiple of 
432 contained in 1969 ; write down 4 therefore in the quotient, and subtract as be- 
fore. By continuing the operation in this manner, it will be found that the following 
figures of the quotient are 5 and 0 ; and as the last multiple leaves no remainder, the 
division is perfect and complete. 


Remark , — Mathematjeians have not confined themselves to endeavouring to simplify 
the operations of arithmetic by such means : they have attempted something more, 
and have tried to reduce them to mere mechanical operations. The celebrated Pas- 
cal was the first who invented a machine for this purpose, a description of which 
may be seen in the fourth volume of the Recueil des Machines presentees h VAcade^ 
mie. Sir Samuel Morland, without knowing perhaps what Pascal had done in this 
respect, published, in 1673, an account of two arithmetical machines which he in- 
vented, one of them for addition and subtraction, and the other for multiplication, 
but without explaining their internal construction. The same object engaged the 
attention of the celebrated Leibnitz about the same time ; and afterwards that of 
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the marquis Poleni. A description of their machines may be seen in the Theatrum 
Arithmeticum of Leupold, printed in 1727, together with that of a machine invented 
by Leupold himself, and also in the Miscell. BeroL for 1709. We have likewise the 
Ahaque rabdologique of Perrault, in the collection of his machines published jn 1700. 
It serves for addition, subtraction, and multiplication. Thei?ecw«7 des Machines 
presentees h V Academic JRoyale des Sciences contains also an arithmetical machine, 
by Lespine, and three by Boistissandeau. Finally, Mr. Gersten, professor of mathe- 
matics at Giessen, transmitted, in the year 1735, to the Royal Society of London, a 
minute description of a machine of the same kind, invented by himself. We shall 
not enlarge further on this subject, but proceed to give an account, which we hope 
will be acceptable to the curious reader, of an ingenious method of performing the 
operations of arithmetic, invented by Dr. Saiindcrson, a celebrated mathematician, 
who was blind from bis infancy. 


SECTION IV. 

Palpable Arithmetic^ or a method of performing arithmetical operations^ which may he 
practised by the blind, or in the dajk. 

What is here announced may, on the first view, appear to be a paradox ; but it is 
certain that this method of performing arithmetical operations was practised by the 
celebrated Dr. Saunderson, who, though he had lost his sight when a child of a year 
old, made so great progress in the mathematics, that he was elected to fill the professor's 
chair of that science, in the university of Cambridge. The apparatus he employed, 
to supply the deficiency of sight, was as follows : 

Let the square (Fig. 3.) be divided into four other squares, by two 
lines parallel to the sides, and interseeting each other in the centre. 
These two lines form with the sides of the square four points of inter- 
section, and these added to the four angles of the primitive square, 
give altogether nine points. If a hole be made in each of these 
points, into which a pin or peg can be fixed, it is evident that there 
will be nine distinct places for the nine simple and significant figures of our arithme- 
tical system, and nothing further will be necessary but to establibh some order in 
which these points or places, destined to receive a moveable peg, ought to be counted. 
To mark 1, it may be placed in the centre ; to express 2, it may be placed immedi- 
ately above the centre ; to express 3, at the upper angle on the right ; and so on in 
succession, round the sides of the square, as marked by the numbers opposite to each 
point. 

But there is still another character to be expressed, viz., the 0, which in our arith- 
metic is of very great importance. This character might be expressed in a manner 
exceedingly simple, by leaving the holes empty ; but Saunderson preferred placing 
in the middle one a large-headed pin, unless when having unity to express, he was 
obliged to substitute in its stead a small-headed pin. By these means he obtained the 
advantage of being better able to direct his hands, and to distinguish with more 
ease, by the relative position of the smalLheaded pins, in regard to the large one in 
the centre, what the former expressed. This method therefore ought to be adopted ; 
for Saunderson no doubt made choice of those means which were most significant to 
his fingers. 

As the reader has here seen with what ease a simple number may be expressed in this 
mariner, we shall now shew that a compound number may be expressed with equal 
facility. If we suppose several squares to be constructed like the preceding, ranged 
in a line, and separated from each other by small intervals, that they may be better 
distinguished by the touch, any person acquainted with common arithmetic may 


Fig. 3. 
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Fig, 4. perceive, that the first square on the right will serve 

to express units ; the next towards the left to ex- 
press tens ; the third to express hundreds, &c. Thus 
the four squares, with the pegs arranged as represented 
(Fig. 4.) will express the number 3805. 

If you therefore provide a board, or table, divided into several horizontal bands, 
on each of which are placed seven or eight similar squares, according to circum- 
5. stances ; if these bands be separated by proper inter- 

vals, that they may be better distinguished ; and if 
271 all the squares of the same order, in each of the 
bands, be so arranged, as to correspond with each 
407 other in a perpendicular direction ; you may perform, 
by means of this machine, all the different opera- 
953 tions of arithmetic. The reader will find (Fig. 5.) 

a representation of the method of adding three num- 

1631 expressing their sum by a machine of this 

kind. 

Saunderson employed this ingenious machine, not only for arithmetical operations, 
but also for representing geometrical figures, by arranging his pins in a certain order, 
and extending threads from the one to the other. But what has been said is suffi- 
cient on this subject ; those persons who are desiious of farther information respecting 
it, may consult Saunderson’s Algebra, or the French translation of Wolff’s Elements 
Abridged^ where this palpable arithmetic is explained at full length. 


E] 

— ^ 




tilB3 
fflS 
EH EH 
fflEH 


PROBLEM. 

To multiply £11. 11s. lid. by £11. 11s. lid 
This problem was once proposed by a sworn accountant to a young man who had 
been recommended to him as perfectly well acquainted with arithmetic. And indeed, 
besides the difficulty which results from the multiplication of quantities of different 
kinds, and from their reduction, it is well calculated to try the ingenuity of an arith- 
metician. But it is not improbable that the proposer would have been embarrassed 
by the following simple question: What is the nature of the product of pounds shillings 
and pence multiplied by pounds shillings and pence ? We know that the product of a 
yard by a yard represents a square yard, because geometricians have agreed to give 
that appellation to a square surface one yard in length and one in breadth ; and 6 
yards multiplied by 4 yards make 24 square yards ; for a rectangular superficies G yards in 
length and 4 in breadth, contains 24 square yards, in the same manner as the product 
of 4 by 6 contains 24 units. But who can tell what the prodnet of a penny by a 
penny is, or of a penny by a pound ? 

The question considered in this point of view, is therefore absurd, though ordinary 
arithmetidans sometimes are not sensible of it. 
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CHAPTER III. 

OF CERTAIN PROPERTIES OF NUMBERS. 

We do not here mean to examine those properties of numbers which engaged so much 
the attention of the ancients, and in which they pretended to find so many mysterious 
virtues. Every one, whose mind is not tinctured with the spirit of credulity, must 
laugh to think of the good canon of Cezene, Peter Bungus, collecting in a large 
quarto volume, entitled De Mysteriis Numerorum^ all the ridiculous ideas which 
Nichomachus, Ptolemy, Porphyry, and several more of the ancients, childishly proga- 
gated respecting numbers. How could it enter the minds of reasonable beings, to 
ascribe physical energy to things entirely metaphysical ? For numbers are mere 
conceptions of the mind, and consequently can have no influence in nature. 

None therefore but people of weak minds can believe in the. virtues of num- 
bers. Some imagine, that if thirteen persons sit down at the same tabic, one of them 
will die in the course of the year ; but there is a much gpreater probability that one 
will die if the number be twenty-four. 

I. The number 9 possesses this property, that the figures which compose its 
multiples, if added together, are always a multiple of 9 ; so that by adding them, and 
rejecting 9 as often as the sum exceeds that number, the remainder will always 
be 0. This may be easily proved by trying difierent multiples of 9, such as 18, 27> 
36, &c. 

This observ.ition may be of utility, to enable us to discover whether a given num- 
ber be divisible by 9, for in all cases, when the figures which express any number, 
on being added together, form 9, or one of its multiples, we may be assured that the 
number is divisible by 9, and consequently by 3 also. 

But this property does not exclusively belong to the number 9; for tbe number 3 
has a similar property. If the figures which express any multiple of 3 be added, we 
shall find that their sum is always a multiple of 3; and when any proposed number is 
not such a multiple, whatever the sum of the figures by which it is expressed exceed 
a multiple of 3, will be the quantity to be deducted from the number, in order that it 
may be divisible by 3 without a remainder. 

We must not omit to take notice here, of a very ingenious observation of the 
author of the History of the Academy of Sciences, for the year 1726, which is, that 
if a system of numeration, different from that now in use, had been adopted, that for 
example of duodecimal progression, the number eleven, or, in general, that preceding 
the fiist period. Would have possessed the same property as the number nine does in 
oiir present system of numeration. By way of example, let us take a multiple of 
eleven, as nine hundred and fifty-seven, and let us express it according to that system 
by the characters 7 <p5: it .will here be seen that 7 and (p make seventeen, and 5 
added makes twenty- two, which is a multiple of eleven. 

This property ot 9 and 3, in the decimal notation, admits of a very simple proof. 
For let a be the digit in the units place, b, c, rf, &c. those in the place of tens, hun- 
dreds, &c. ; then tbe numbcr*will be represented analytically by 1000 d 100 c-j- 10 
h+a; or by 999+1. + 99+1. c+W+].b+a; orby999d+99c+9 6 + 

+ c + -)-</. But 999 cf+ 99 c 9 is divisible both by 9 and 3 ; therefore, if the 
whole number represented by 1000 (f+ 100 c + 10 -6 + ® divisible by 9 or 3, the 
remaining part, cf -f- c + + a, must also be divisible by 9 or 3, And a like proof 
would apply to the digit and its factors preceding the last digit of the first period, in 
any system of numeration. 
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In addition to the foregoing observations of the French author, may be added the 
following remarks on the same subject, lately made by an ingenious English gentle- 
man. He first expresses all the products of 9 by the other figures, in the following 
maimer, and then enumerates the curious properties. 

9 . .0 + 3 = 9 

1 A 

9.. 9 72. .7 + 2 = 9 

9 . 

18 .. 1+8 = 9 81 ..8+1 = 9 

WT. 2 + 7 = 9 
4 

36. .3 + 6 = 9 

-JL 

45.. 4 + 5 = 9 
9 

54. .5 + 4 = 9 
7___ 

^03.. 

The component figures of the product, made by the multiplication of every digit 
into the number 9, when added together, make nikk. 

The order of those component figures is reversed, after the said number has been 
multiplied by 5. 

The component figures of the amount of the multipliers (viz. 45), when added 
together make nine. 

The amount of the several products, or multiples of 9 (viz. 405), when divided 
by 9, gives for a quotient 45 ; that is 4+5 = nine. 

The amount of the first product (viz. 9), when added to the other products, whose 
respective component figures make 9, is 81 ; which is the square of nine. 

The said number 81, when added to the above-mentioned amount of the several 
products, or multiples of 9 (viz. 405), makes 486 ; which, if divided by 9, gives for 
a quotient 54 ; that is, 5 +4 = nine. 

It is also observable that the number of changes that may be rung on Jtine bells, is 
36*2880 ; which figures, added together, make 27 ; that is, 2 + 7 = nine. 

And the quotient of 362880, divided by 9, is 40320 ; that is,4 + 0 + 3+2 + 0 = 

NINE. 

II. Every square number necessarily ends with one of these figures, 1, 4, 5, 6, 9; 
or with an even number of ciphers preceded by one of these figures. This may be 
easily proved, and is of great utility in enabling us to discover ivhen a number is not 
a square ; for though a number may end as above mentioned, it is not always however 
n perfect square ; but, at any rate, when it docs not end in that manner, we are cer- 
tain that it is not a square, which may prevent useless labour. In regard to cubic 
numbers, they may end with any figure whatever ; but if they terminate with ciphers, 
they must be in number either three, or six, or nine, &c. 

If a square number end with 4, the last figure but one will be even, as in 64, 144, 
and 97344. 

If a square number end with 5, it will end with 25 ; ns 625, 12*25. ^ 

If a square number end with an odd figure, the last figure but one even, 

as 81529. But if it end with any even digit, except 4, the last figure yitone will 
be odd, as 36, 576, 13456. 

No square number can end with two even digits except two ciphers, or two fours, 
as 100, 144, 40000, 44944. 
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A square number cannot end in three equal digits, except they be three fours ; nor 
in more than three equal digits unless they be ciphers. 

III. Every square number is divisible by 3, or becomes so when diminished by 
unity. This may be easily tried on any square number at pleasure. Thus 4 less 1, 
10 less 1, 25 less 1, 121 less 1, &c. are all divisible by 3 ; and the case is the same 
with other square numbers. 

Every square number is divisible also by 4, or becomes so when diminished by 
unity. This may be proved with the same case as the former. 

Every square number is divisible likewise by 5, or becomes so when increased, or 
else diminished by unity. Thus, for example, 36 — 1, 494“ I » 644“ 1» 81 — 1, Ac., 
are all divisible by 5. 

Every odd square number is a multiple of 8 increased by unity. Wc have examples 
of this property in the numbers 9, 25, 49, 81, &c. ; from which if 1 be deducted the 
remainders will be divisible by 8. 

If a square number be either multiplied or divided by a square, the product or the 
quotient will be a square. 

If a number be not a complete square, its square root cannot be represented either 
by an integer, or by a rational fraction, either proper or improper. 

IV. Every number is either a square, or divisible into two, or three, or four 
squares. Thus 30 is equal to 25 4" » 31 = 254"44-l “f- 1 ; 33 = 16 4“ 16*4- 1 ; 
63 = 494 - 94 - 44 - 1 , or 36=25 4-14-1. 

We shall here add, by anticipation, though we have not yet informed the reader 
what triangular, or pentagonal, &c., numbers are, that 

Every number is either triangular, or composed of two or of three triangular num- 
bers. And that 

Evoiy number is either pentagonal, or composed of two, or three, or four, or five 
pentagonals, and so of the rest. 

We shall add also, that every even square, after the first square 1, may be resolved 
at least into four equal squares ; and that every odd square may he resolved into 
three, if notintotwo. Thus 81 =36-j-30 4“8; 121 =81 4“ 36-|-4; 169 = 1444“ 
25; 62,5 = 400-f 144 4-81. 

V. Every power of 5, or of 6, necessarily ends with 5 or w’ith 6. 

VI. If we take any two numbers whatever ; then either one of them, or their sum, 
or their difiV^rence, is necessarily divisible by 3. Let the numbers assumed he 20 and 
17 ; though neither of these numbers, nor their sum 37, is divisible by 3, yet their 
difference is, for it is three. 

It might easily be demonstrated, that this must necessarily be the case, %vhatcver 
be the numbers assumed. 

VII. If two numbcis arc of such a nature, that their squares when added together 
form a square, the product of these two numbers is divisible by 6. 

Of this kind, for example, are the numbers 3 and 4, the squares of which, 9 and 
16, when added, make the square number 25: their product 12 is divisible by 6. 

Fiom this property a method may be deduced, for finding two numbers, the squares 
of which, when added together, shall form a square number. For this purpose, mul- 
tiply any two numbers together; the double of tlieir product w’ill be one of the 
numbers sought, and the difference of their squares will he the oth^r. 

Thus if we multiply together 2 and 3, the squares of which are 4 and 9, their pro- 
duct will be 6 ; if we then take 12 the double of this product, and 5 the differ- 
ence of their squares, we shall have two numbers, the sura of whose squares is equal 
to another square number ; for these squares are 144 and 25, which when added make 
169, the square of 13. 

VIII. When two numbers arc sucb, that the difference of their squares is a square 
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number i the sum and difference of these numbers are themselves square numbersi 
or the double of square numbers. 

Thus, for example, the numbers 13 and 12, when squalled, give 169 and 144, the 
difference of which 25, is also a square number ; then 25, the sum of these numbers, 
is a square number, and also their difference !• 

In like manner, 6 and 10, when squared produce 36 and 100, the difference of 
which 64 is also a square number ; then it will be found, that their sum 16 is a square 
number, as well as their difference 4. 

The numbers 8 and 10 give for the difference of their squares 36 ; and it may be 
readily seen, that 18, the sum of these numbers, is the double of 9, which is a 
square number, and that their difference 2 is the double of 1, which is also a square 
number. 

IX. If two numbers, the difference of which is 2, be multiplied together, their pro- 
duct increased by unity will be the square of the intermediate number. 

Thus, the product of 12 and 14 is 168, which being increased by 1, gives 169, the 
square of 13, the mean number between 12 and 14. 

Nothing is easier than to demonstrate, that this must always be the case ; and it 
will be found in general, that the product of two numbers increased by the square of 
half their difference, will give the square of the mean number. 

X. A prime number is that which has no other divisor but unity. Numbers of 
this kind, the number 2 excepted, can never be even, nor can any of them terminate 
in 5, except 5 itself ; hence it follows, that except those contained in the first period 
of ten, they must necessarily terminate in 1 or 3, or 7 or 9. 

One curious property of prime numbers is, that every prime number, 2 and 3 ex- 
cepted, if increased or diminished by unity, is divisible by 6. This may be readily 
seen in any numbers taken at pleasure, ns 5, 7, 11, 13, 17, 19, 23, 29, 31, &c. ; but 
I do not know, that any one has ever yet demonstrated this property d priori, Hut 
the inverse of this is not true, that is, every number when increased or diminibhed 
by unity is divisible by 6, is not, on that account, necessarily a prime number. 

As it is often of utility to be able to know, without having recourse to calculation, 
whether a number be prime or not, we have here subjoined a table of all the prime 
numbers from 1 to 10,000. 


Table of the Prime Numbers from 1 to 10 , 000 . 


2 

71 

163 

263 

373 

479 

601 

719 

853 

977 

1093 

1223 

3 

73 

167 

269 

379 

487 

607 

727 

857 

983 

1097 

1229 

5 

79 

173 

271 

383 

491 

613 

733 

859 

991 


1231 

7 

83 

179 

277 

389 

499 

617 

739 

863 

997 

1103 

1237 

11 

89 

181 

281 

397 


619 

743 

877 


1109 

1249 

13 

97 

191 

283 



631 

751 

881 

1009 

1117 

1259 

17 


193 

293 

401 

Kff S 

641 

757 

883 

1013 

1123 

1277 

19 

101 

197 


409 

521 

643 

761 

887 

1019 

1129 

1279 

23 

103 

199 

307 

419 

633 

647 

769 


1021 

1151 

1283 

29 

107 


311 

421 

541 

663 

773 

907 

1031 

1163 

1289 

31 

109 

211 

313 

431 

547 

659 

787 

911 

10.33 

1163 

1291 

37 

113 

223 

317 

433 

557 

661 

797 

919 

1039 

1171 

1297 

41 

127 

227 

331 

439 

5G3 

673 


929 

1049 

1181 


43 

131 

229 

337 

443 

569 

677 

811 

937 

1051 

1187 

1301 

47 

137 

233 

347 

449 

571 

683 

821 

941 

1061 

1193 

1303 

53 

139 

239 

349 

467 

677 

691 

823 

947 

1063 


1307 

59 

149 

241 

353 

461 

687 


827 

953 

1069 

1201 

1319 

61 

151 

251 

359 

463 

593 

701 

829 

967 

1087 

1213 

1321 

67 1 

157 

257 

367 

467 

699 

709 

839 

971 

1091 

1217 

1327 
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1361 

1787 

2251 


3191 

3643 

4129 

4639 

5113 

5651 

6143 

6661 1 

1367 

1789 

2267 

2707 


3659 

4133 

4643 

5119 

5653 

6151 

6673 1 

1373 


2269 

2711 

3203 

3671 

4139 

4649 

5147 

5667 

6163 

6679 

1381 

1801 

2273 

2713 

3209 

3673 

4153 

4651 

5153 

5659 

6173 

6689 

1399 

1811 

2281 

2719 

3217 

3677 

4157 

4657 

5167 

5669 

6197. 

6691 


1823 

2287 

2729 

3221 

3691 

4159 

4663 

5171 

5683 

6199 


1409 

1831 

2293 

2731 

3229 

3697 

4177 

4673 

5179 

5689 


6701 

1 1423 

1847 

2297 

2741 

3251 



4679 

5189 

5693 

6203 

6703 

1427 

1861 


2749 

3253 

3701 

4201 

469t 

5197 


6211 

6709 

1429 

1867 

2309 

2753 

3257 

3709 

4211 



5701 

6217 

6719 

1433 

1871 

2311 

2767 

3259 

3719 

4217 

4703 

5209 

5711 

6221 

6733 

1439 

1873 

2333 

2777 

3271 

3727 

4219 

4721 

5227 

5717 

6229 

6737 

1447 

1877 

2339 

2'789 

3299 

3733 

4229 

4723 

5231 

5737 

6247 

6761 

1451 

1879 

2341 

2791 


3739 

4231 

4729 

5233 

5741 

6257 

6763 

1453 

1889 

2347 

2797 

3301 

3761 

4241 

4733 

j 5237 

5743 

6263 

6779 

1459 


2351 


3307 

3767 

4243 

4751 

5261 

5749 

6269 

6781 

1471 

1901 

2357 

2801 

3313 

3769 

4253 

4769 1 

5273 

5779 

6271 

6791 

1481 

1907 

2371 1 

2803 

3319 

3779 

4259 

4773 

5279 

5783 

6277 

6793 

1483 

1913 

2377 

2819 

3323 

3793 

4261 

4787 

5281 

5791 

6287 


1487 

1931 

2381 

2833 

3329 

3797 

4271 

4789 

5297 


6299 

6803 

1489 

1933 

2383 

2837 

3331 


4273 

4793 


5801 


6823 

1493 

1949 

23b9 

2843 

3343 

3803 

4283 

4799 

5303 

5807 

6301 

6827 

1499 

1951 

2393 

2851 

3347 

3821 

4289 


5309 

5813 

6311 ' 

6829 


1973 

2399 

2857 

3359 

3823 1 

4297 

4801 

5323 

5821 

6317 

6833 

1511 

1979 


2861 

3361 

3833 


4813 

5333 

5827 

6323 

6841 

1523 

1987 

2411 

2879 

3371 

3847 

4327 

4817 

5347 

5839 

6329 

6857 

1531 

1993 

2417 

2887 

3373 

3851 

4337 

4831 

5351 

5843 

6337 

6863 

1543 

1997 

2423 

2897 

3389 

3853 

4339 1 

4861 

5381 

5849 

6343 

6869 

1549 

1999 

2437 

I 

3391 

3863 

4349 

4871 

5387. 

5851 

6353 

6871 

1553 


2441 

2903 


3877 

4357 

4877 

5393 

5857 

6359 

6883 

1559 

2003 

2447 

2909 

3407 

3881 

4363 

4889 

5399 

5861 

6361 

6899 

1567 

2011 

2459 

2917 

3413 

3889 

4373 


5407 

5413 

5417 

5419 

5431 

5437 

5441 

5443 

5449 

5471 

5477 

5479 

5463 

5867 

6367 


1571 

2017 

2467 

2927 

3433 


4391 

4903 

5869 

6373 

6907 

1579 

2027 

2473 

2939 

3449 

3907 

4397 

4900 

5879 

6379 

6911 

1583 

2029 

2477 

2953 

3457 

3911 


4919 

5881 

6389 

6917 

1597 

2039 


2957 

3461 

3917 

4409 

4931 

6897 

6397 

6947 


2053 

2503 

2963 

3463 

3919 

4421 

4933 



6949 

1601 

2063 

2521 

29<’9 

3467 

3923 

4423 

4937 

5903 

6421 

6959 

1607 

2069 

2631 

2971 

3469 

3929 

4441 

4943 

6923 

6427 

6961 

1609 

2081 

2539 

2999 

3491 

3931 

4447 

4951 

5927 

6449 

6967 

1613 

2083 

2543 


3499 

3943 

4451 

4957 

5939 

6451 

6971 

1619 

2087 

2549 

3001 


3947 

4457 

4967 

5953 

6469 

6977 

1621 

1627 

2089 

2099 

2551 

2557 

3011 

3019 

3511 

3517 

3907 

3989 

4463 

4481 

4969 

4973 

6981 

5987 

6473 

6481 

6983 

6991 

1637 


2579 

3023 

3527 


4483 

4987 


6491 

6997 

1657 

2111 

2591 

3037 

3529 

4001 

4493 

4993 

5501 

5503 

5607 

5619 

6007 



1663 

2113 

2593 

3041 

3533 

4003 


4999 

6011 

6521 

7001 

1667 

2129 


3049 

3539 

4007 

4607 


6029 

6529 

7013 

1669 

2131 

2609 

3061 

3541 

4013 

4513 

5003 

6037 

6547 

7019 

1693 

2137 

2617 

3067 

3547 

4019 

4517 

5009 

6043 

6551 

7027 

1697 

2141 

2621 

3079 

3557 

4021 

4519 

5011 

5521 

5527 

5531 

6047 

6653 

7039 

1699 

2143 

2633 

3083 

3559 

4027 

4523 

5021 

6053 

6663 

7043 


2153 

2647 

3089 

3571 

4049 

4547 

5023 

6067 

6569 

7057 

1709 

2161 

2657 


3581 

4051 

4549 

5039 

5557 

5563 

5569 

5573 

5581 

5591 

6073 

6571 

7069 

1721 

2179 

2659 

3109 

3583 

4057 

4561 

5061 

6079 

6577 

7079 

1723 


2663 

3119 

3593 

4073 

4667 

5059 

6089 

6561 


1733 

2203 

2671 

3121 


4079 

4663 

5077 

6091 

6599 

7103 

1741 

2207 

2677 

3137 

3607 

4091 

4591 

5081 



7109 

1747 

2213 

2683 

3163 

3613 

4093 

4597 

5087 

6101 

6607 

7121 

1763 

2221 

2687 

3167 

3617 

4099 


5099 

6623 

6113 

6619 

7127 

1769 

2237 

2689 

3169 

3623 


4603 


6639 

6121 

6637 

7129 

1 1777 

2239 

2693 

3181 

3631 

4111 

4621 

5101 

5641 

6131 

6663 

7161 

1 1783 

2243 

2699 

3187 

3637 

4127 

4637 

6107 

5647 

6133 

6659 

7159 


c 
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7177 I 

7187 

7193 

7207 

7211 

7213 

7219 

7229 

7237 

7243 

7241 

7253 

7283 

7297 

7307 

7309 

7321 

7331 

7333 / 

7349 

7351 

7369 

7393 

7411 

7417 

7433 


7451 

7467 

7459 

7477 

7481 

7487 

7489 

7499 

7507 

7517 

7623 

7529 

7537 

7541 

7547 

7549 

7559 

7561 

7573 

7577 

7583 I 

7589 

7591 

7603 

7607 

7621 

7639 


7643 

7883 

8147 

8377 

8627 

8831 

9059 



7649 


8161 

8387 

8629 

8837 

9067 

9311 

9511 

7669 

7901 

8167 

8389 

8641 

8839 

9091 

9319 

9521 

7673 

7907 

8171 


8647 

8849 


9323 

9533 

7681 

7917 

8179 

8419 

8663 


8861 

9103 

9337 

9539 

7687 

7927 

8191 

8423 

8669 

8863 

9109 

9341 

9547 

7691 

7933 


8429 

8677 

8867 

9127 

9343 

9551 

7699 

7937 

8209 

8431 

8681 

8887 

9133 

9349 

9587 


7949 

*8219 

8443 

8689 

8893 

9137 

9371 


7703 

7951 

8221 

8447 

8693 


9151 

9377 

9601 

7717 

7903 

8231 

8461 

8699 

8923 

9167 

9391 

9613 

7723 

7993 

8233 

8467 


8929 

9161 

9399 

9619 

7727 

8009 

8237 


8707 

8933 

9173 


9623 

7741 

8011 

8243 

8501 

8713 

8941 

9181 

9403 

9629 

7753 

8017 

8263 

8513 

8719 

8951 

9187 

9413 

9631 

7757 

8039 

8269 

8521 

8731 

8963 

9199 

9419 

9643 

7759 

8053 

8273 

8527 

8737 

8969 


9421 

9649 

7789 

8059 

8287 

8537 

8741 

8971 

9203 

9431 

9661 

7793 

1 

8069 

8291 1 

8539 

8747 

8999 

9209 

9433. 

9677 

7817 

8081 j 

8293 

' 8543 

8753 

j 

9221 

1 9437 1 

9079 

7823 

80S7 

6297 

6563 

6761 , 

9001 

9227 

9439 

9669 

7829 

8089 


8573 

8779 

9007 

9239 

9461 

9697 

7841 

8093 

8311 

8581 

8783 

9011 

9241 

946J 


7853 


8317 

•8597 


9013 

9257 

9467 

9719 

7867 

8101 

8329 

8599 

8803 

9027 

9277 

9473 

9721 

7873 

8111 

8353 


8807 

9041 

9281 

9479 

9733 

7877 

8117 

8363 

8609 

8819 

9043 

9283 

9491 

9739 

7879 1 

8123 

8369 1 

8623 ) 

8821 

9049 

9293 

9497 

9743 


9749 

9767 

9769 

9781 

9787 

9791 

9803 

9811 

9817 

9829 

9833 

9839 

9851 

9857 

9859 

9871 

9883 

9887 

9901 

9907 

9923 

9929 

9931 

9941 

9949 

9967 

9973 


Eratosthenes invented what he called a seive for excluding from a series of odd 
numbers those which arc not prime. The principle of the save is this: 

Having written down in consecutive order all odd numbers, from one to any re- 
quired extent, as 

1, 8, 5, 7, 9, 11, 13, 15, 17, 19, ‘i'l, 23, 25, 27, &c. 

We begin with three, the first prime number, and over every subsequent third in 
the series put a point, and from 5 a point is placed over every fifth number ; from 
7 over every seventh number, and so on. 

Then the numbers which remain without points arc prime numbers, — and adding 2, 
the only even prime, we obtain all the prime numbers included in the series. 

Every prime number greater than 3 is of one of the forms C/i-f-l»or6n — 1. 

For every number is either divisible by or leaves, when divided by it, a remainder 
of 1, 2, 3, 4, or 5 ; that is, every number is of one of the forms 6 n, 6 n + 1, G n + 

6 n + 3, 6ii-|-4, or 6 n + 5. But the first and fifth of these arc divisible by 2, and 
the fourth is divisible by 3, and are therefore not prime. Hence all prime numbers 
greater than 3 arc of the form G w-(- 1 or 6 n+5* 6 « 

form, or would produce the same number, as 6 n — 1. For taking n=2, Ctt4~5 = 
17 , and taking n = 3, 6 n — 1 = 17. Therefore all prime numbers above 3 are of 
the form 6 n -f- 1, or G n — 1 . 

But though all prime numbers are included in these two forms, they include also 
many numbers which are not primes. For example, if = 4, G n + 1 = 25, which 
is not prime, and ifn = G, 6n^l=:35, which is not prime. Indeed, it may be 
demonstrated that no algebraic formula can contain prime numbers only. 

With reference to the two for ms unde r consideration, it has been proved tha^ 
whenever n is of the form 6 n' w" + n' + n", 6 1 is not prime ; and whenever n 

is not of that form 6 n + 1 is prime. 

Also that when n is of the form 6 n" + n' 6n — 1 is not prime, while it is 
always prime when n is not of that form. 
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XI. Another kind of numbers, which possess a singular and curious property, are 
those called perfect numbers. This name is given to every number, the aliquot parts 
of which, when added together, form exactly that number itself. Of this we have an 
'example in the number 6 ; for its aliquot parts are 1, 2, 3, w'hich together make 6. 
The number 28 possesses the same property; for its aliquot parts are 1, 2, 4, 7, 14, 
the sum of which is 28. 

To find all the perfect numbers of the numerical progression, take the double progres- 
sion 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048, 4096, 8192, Ac. ; and examine those 
terms of it, which when diminished by unity, arc prime numbers. Those to which this 
property belongs, will be found to be 4, 8, 32, 128, 8192 ; for these terms when diminished 
by unity, are 3, 7, 31, 127, 8191. Multiply therefore each of these numbers by that 
number in the geometrical progression which preceded the one from which it is 
deduced, for example 3 by 2, 7 by 4, 31 by 16, 127 by 64, 8191 by 4096, &c. ; and 
the result will be 6, 28, 496, 8128, 33550336, which are perfect numbers. 

These numbers however are far from being so numerous as some authois have 
believed.* The following is a series of numbers either perfect, or, for want of proper 
attention, supposed to be so, taken from a memoir of Mr. Krafft, published in the 7th 
volume of the Transactions of the Academy of Petersburgh. Those to which this 
property really belongs are marked with an asterisk. 

* 6 

• 28 

* 496 

• 8128 
130816 
2096128 

* 33550336 
536854528 

* 8589869056 

* 137438691328 
2191K)22206976 
35184367894528 
562949936644096 
J)007199I87632128 
144115187807420416 

* 2305843008139952128 
30893488143124135936 

Thus we find that between 1 and 10 there is only one perfect number ; that there is 
one between 10 and 100, one between 100 and 1000, and one between 1000 and 
10000 ; but those would be mistaken who should bftieve that there is one also 
between ten thousand and a hundred thousand, one between a hundred thousand and 
a million, &c. ; for there is only one between ten thousand and eight hundred mil- 
lions. The rarity of perfect numbers, says a certain author, is a symbol of that of 
perfection. 

All the perfect numbers terminate with 6 or 28. 

XII. There are some numbers called amicable numbers, on account of a certain pro- 
perty which gives them a kind of affinity or reciprocity, and which consists in their 
being mutually equal to the sum of each other’s aliquot parts. Of this kind are the 
numbers 220 and 284 ; for the first 220 is equal to the aliquot parts of 284, viz. 1 , 2, 
4, 71, 142; and, reciprocally, 284 is equal to the aliquot parts, 1,,2, 4, 5, 10, 11, 20, 
22, 44, 65, 110, of the other number 220. 


* The rule pivon by Uzanam i« incorrorf, and producea a multitude of numiior;, such oa 13081a, 
2096128, &c., which are not perfect numbers. When Ozefeam wrote hia rule, he did not recollect 
that one of the multipliers must be a prime number. But Oil and 2047 are nut prime numbers. 

c 2 
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Amicable jiumbers may be found by the following method. Write down, as in the 
subjoined example, the terms of a double geometrical progression, or having the ratio 
2, and beginning with 2 ; then triple each of these terms, and place these triple 
numbers each under that from which it has been. formed ; these numbers diminished 
by unity, 5, 11, 23, &c. if placed each over its corresponding number in the geometrical 
progression, will form a third series above the latter. In the last place, to obtain the 
numbers of the lowest series, 71, 287, &c. multiply each of the terms of the series, 
6, 12, 24, &c., by the one preceding it, and subtract unity from the product. 


5 

. 11 

23 

47 

95 

191 

383 

2 

4 

8 

16 

32 

64 

128 

6 

12 

24 

48 

96 

192 

384 


71 

287 

1151 

4607 

18431 

73727 


Take any number of the lowest series, for example 71, of which its corresponding 
number in the first scries, viz. 11, and the one preceding the latter, viz. 5, as well as 
71, are prime numbers : multiply 5 by 11, and the product 55 by 4, the correspond- 
ing term of the geometrical series, and the last product 220, will be one of the num- 
bers required. The second will be found by multiplying the number 7l by the same 
number 4, W'hich will give 284. 

In like manner, with 1151, 47, and 23, which are prime numbers, we may find two 
other amicable numbers, 17296 and 1841G ; but 4G07 will not produce any amicable 
numbers, because, of the two other corresponding numhers, 47 and 95, the latter is 
not a prime number. The case is the same with the nuinbei 18431, because 95 is 
among its corresponding numbers ; but the following number 73727, with 383 and 
191, wll give two more amicable numbers, 9363584 and 9437056. 

By these examples it may be seen, that if perfect numbers are rare, amicable 
numbers are much more so, the reason of which may be easily conceived. 

XIII. If we write down a series of the squares of the natural numbers, viz. 1, 4, 
9, 16, 25, 36,49, &c. ; and take the difference between each term and that which 
follows it, and then the differences of these diflferenees ; the latter will each be equal 
to 2, as may be seen in the following example. 

1 4 9 16 25 36 49 

Ist.Diff. 3 5 7 9 11 13 

2d. Diff. 2 2 2 2 2 

It hence appears, that the square numbers arc formed by the continual addition of the 
odd numbers 1, 3, 5, &c., which exceed each other by 2. 

In the series of the cubes of the natural numbers, viz. 1,8, 27, &c., the third, in- 
stead of the second differences, are equal, and are always 6, os may be seen in the 
following example. 


Cubes 

U 8 

27 

64 

125 

1st. Diff. 

7 

19 

37 

61 

2d. Diff. 

12 

18 

24 

30 

3d. Diff. 


6 

6 

6 


In regard to the series of the fourth powers, or biquadrates, of the 'natural numhers, 
the fourth differences only are equal, and are always 24. In the fifth powers, the 
fifth differences only are equal, and are invariably 120. 

All this may be readil y she wn, by ta king the successive differences of the expanded 
terms of the series x", ar-j- 1", x 4-2", &c., giving to n the values 2, 3, 4, &c. in 
succession. 

These differences, 2, 6, 24, 120, &c. may be found by multiplying the series of the 
numbers 1, 2, 3, 4, 5, 6, &c. For the second power, multiply the two first ; for the 
third power, the three first, and so on. 

XIV. The progression of the cubes 1, 8, 27, 64, 125, &c. of the natural numbers, 
1, 2, 3, 4, 5, 6, Ac. possesses this remarkable property, that if any number of its 
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terms whatever, from the beginning, be added tpgether, their sum will always he a 
square. Thus, 1 and 8 make 9 ; if we add to this sum 27, we shall have 36, which 
is still a square number ; and if we add 64, we shall have 100, and so on. 

The root of each square so forme d is the su m of the roots of all the component 
cubes. Thus 13 + 2» + 33 = 36 = r+2 +32. 

XV. The number 120 has the property of being equal to half the sum of its 
aliquot parts, or divisors, viz, 1, 2, 3, 4, 5, 6, 8, 10, 12, 15, 20, 24, 30, 40, 60, 
which together make 240. The number 672 is also equal to half the sum of its 
aliquot parts, 1344. Several other numbers of the like kind may be found, and 
some even which would form only a third, or fourth, of the sum of their aliquot 
parts, or which would be the double, triple, or quadruple of that sum ; but what 
has been here said, will be sufficient to exercise those who are fond of such 
researches. 


CHAPTER IV. 

OF FIOURATE NUMBERS. 

Fig. 6. If there be taken any arithmetical progression, as for instance, the 
most simple of all, or that of the natural numbers 1, 2, 3, 4, 5, 6, 
7, &c. ; and if we take the first term, the sum of the two first, that of 
the three first, and so on ; the result will be a new series of numbers, 
1, 3, G, 10, 15, 21, 28, &c. called triangular numberSy because they 
can always be ranged in such a manner as to form an equilateral 
triangle, as may be seen Fig 6. 

The square numbers, as 1, 4, 9, 16, 25, 36, &c. arise from a like 
addition of the first terms of the arithmetical progression, 1, 3, 5, 7, 9, 

11, &c., the common difference of which is 2. These numbers, as is 
well known, may be arranged so as to form square figures. Fig. 7. 


A similar addition of the terms of the arithmetical progression 1, 4, 

7, 10, 13, &c., the common difference of which is 3, will produce the 

numbers 1, 5, 12, 22, &c., which are called pentagonal numbers, 
becairse they represent the number of points which may be arranged on 
the sides and in the interior part of a regular pentagon ; as may be seen 
Fig. 8 ; where there are three pentagons, having one common angle, 
representing the number of points which increase arithmetically ; the 
first having two points on each side, the second three, and the third 
four ; and which progression, it is evident, might be continued ever 
so far. 

It is in this sense, and in this manner, that we must conceive the figurate num- 
bers to be arranged. 

It is almost needless to say, that the progression 1, 5, 9, 13, 17, &c., the common 
difference of which is 4, produces, by a similar addition, the hexagonal numbers, which 
are 1, 6, 15, 28, 45, &c. ; and that in like manner may be found the heptagonals, the 
octagonals, &c. 

There is another kind of polygonal numbers, which result from the number of 
points that can be ranged in the middle, and on the sides, of one or more similar 
polygons, having a common centre. These are different from the preceding ; for the 
series of the triangulars of this kind is 1, 4, 10, 19, 31, Sec., which are formed by the 
successive addition of the numbers 1, 3, 6, 9, 12. 

The central square numbers are 1, 5, 13, 25, 41, 61, &c. ; formed, in like manner, by 
the successive addition of the numberb 1,4, 8, 12, 16, 20, &c. 


Fig. 8. 

O 
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A 

A 
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Tbe central pentagonal numbers are 1 , 6, 16, 81, 51, 76, ftc. ; formed by the ad- 
dition of the numbers 1, 5, 10, 15, 20, &c. 

But we shall not enlarge farther on this kind of polygonal numbers, because they 
are not those to which mathematicians usually give that name. Let us return there- 
fore to the ordinary polygonal numbers. 

The radix of a polygonal number is the number of the terms of tbe progression 
necessary to be added in order to obtain that number. Thus the radix of the tri- 
angular number 21, is 6, because that number results from the successive addition 
of the six numbers 1, 2, 3, 4, 5, 6. In like manner, 4 is the radix of the square 
number 16, considered as a figurate number, because that number is produced by 
adding the /o?ir terms 1, 3, 5, 7, of the progression of the odd numbers. 

Having given this explanation of the nature of polygonal numbers, we shall now 
present the reader with a few problems respecting them. 

PROBLEM I. 

To find whether any proposed Number is Triangular ^ or Square^ or Pentangular ^ gfc. 

The method of finding whether a number be square, is well known, and serves as 
a foundation for discovering the other figurate numbers. This being supposed ; then 
to determine whether any given number is a polygonal number, the following general 
rule may be employed. 

Multiply by 8 the number of the angles of the polygon less 2; multiply this first 
product by the proposed number, and to the new product add the square of a num- 
ber equal to that of the angles of the polygon less 4 : if the sum be a perfect square, 
the given number is a polygon of tbe kind proposed. 

It may easily be seen, that as the number of the angles in the triangle are 3, in ihc 
square 4, in the pentagon 5, &c., we shall have, as tbe multiplier of the proposed 
number, in the case of the triangular number, 8 ; in that of the quadrangular num- 
ber, 16 ; in that of the pentagonal, 24 , and in that of the hexagonal, 32. 

In like manner, as the number of the angles less 4. gives for the triangle — 1 ; 
for the square 0 ; for the pentagon, 1 ; for the hexagon, 2, &c. ; the numbers to be 
added to the product, as before mentioned, will be, for the triangle, 1 (because the 
square of — 1 is 1) ; for the square, 0; for the pentagon, 1 ; for the hexagon, 4 ; for 
the heptagon, 9 ; &c. From these principles we may deduce the following rules, 
which we shall illustrate by examples. 

Suppose it were required to know whether 21 be a triangular number. 

Multiply 21 by 8, to the product add 1, and the sum will be 169, which is a perfect 
square : consequently 21 is a triangular number. 

If we are desirous of knowing whether 35 be a pentagonal number, we must mul- 
tiply 35 by 24, and the product will be 840; to tWs product if 1 be added we shall 
have 841, which is a square number : we may therefore rest assured that 35 is a pen- 
tagonal number. 

PROBLEM U. 

A Triangular t or any Figurate Number whatever ^ being given ; to find its JRadix^ or 

the Number of the Terms of the Arithmetical Progression of which it is the Sum, 

First perform the operation described in the preceding problem ; and having found 
the square root, the possibility of which will indicate whether the number be figurate 
or not, add to this root a number equal to that of the angles of the proposed poly- 
gon less 4, and divide the sum by the double of the same number of angles less 2 : 
tbe quotient will be the radix of the polygon. 

The number to be added is, for the triangle — 1, that is to say 1 to be deducted ; 
for the square it is 0 ; for the pentagon 1 ; for the hexagon 2 ; &c. 
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As to the divisor, it may be easily seen that for the triangle it is 2 (because the 
double of 3 less 2 is 2), for the square 4, for the pentagon 6, for the hexagon 8, &c. 

Let it be required therefore to find the radix of the triangular number 36. 

Having performed the operation explained m the preceding problem, and found the 
product 289, the square root of which is 17, subtract unity from this number, and 
divide the remainder by 2 ; the quotient 8 will be the radix or side of Hie triangular 
number 36. 

Let the radix of the pentagonal number 35 be required. 

Having found, as before, the radix 29, add to it 1, which will give 30, and divide 
by 6 ; the quotient 5 will be the radix of this pentagonal number, that is to say, of 
the number formed by the addition of the 5 terms of the series I, 4, 7, 10, 13. 

PROBLEM UI. 

The Radix of a Polygonal Number being given ; to find that Number. 

The rule for this purpose is exceedingly simple. From the square of the given 
radix, subtract the product of the same radix by a number equal to that of the angles 
less 4 ; the half ot the remainder will be the polygonal number required. 

For example, what is the triangular number the radix of which is 12? 

The square of 12 is 144; the number equal to that of the angles less 4 is — 1, 
which being multiplied by 12 gives — 12: but according to the rule, -- 12 ought to 
be subtracted, which is the same thing as adding 12; in that case you will have 156, 
which being divided by 2 gives 78, 

'What is the heplagonal number the radix of w’hich is 20? 

To find the number required, tahe the square of 20, which is 400 ; then multiply 
20 by 3, W'hich is the number of the angles less 4, and subtract 60, the product, from 
400 ; if you then divide the remainder 340 by 2, the quotient 170 will be the number 
sought, or the heptagon the radix of w'hich is 20. 

It may not be improper here to remark, that the same number may be a poly- 
gon or figurate number in different ways. Every number greater than 3 is a poly- 
gon, of a number of sides or angles equal to that of its units. 

Thus 30 is a polygon of 36 sides, the radix of which is 2 ; for the tw’O first terms 
of the progression are 1, 35. The same number 30 is a square ; and lastly it is tri- 
angular, having 8 for its radix. 

In the like manner, 21 is a polygon of 21 sides ; it is also triangular ; and lastly it 
is octagonal. 


PROBLEM IV. 

To find the Sum of as many Triangular, or of as many Square, or of as many Pentagonal 
Numbers, as we choose. 

As by the successive addition of the terms of different arithmetical progression'! 
we obtain new progressions of numbers, called triangular numbers, square iiumbc 
pentagonals, &c. ; we can add also these last progressions, which will give rise to .’*cw 
figurate numbers, of a higher order, called pyramidal numbers. Those which arise 
from the progression of triangular numbers, are called pyramidals of the first order ; 
those produced by the addition of the square numbers, pyramidals of the second 
order ; and those by the progression of the pentagonal numbers, pyramidals of the 
third order. The same operation may be performed with the pyramidals ; which 
gives rise to the pyramido-pyramidals. But as these numbers are of little utility, 
and can answer no other purpose than that of exercising the genius of such as are 
fond of analytical investigation, we shall not enlarge farther on the subject. We 
shall therefore confine ourselves to giving a general rule for adding as many figurate 
numbers as the reader may choose. 
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Multiply the cube of tbe number of terms to be added, by the number of the 
angles of the polygon less 2 ; to the sum add three times the square of the said 
number of terms, and subtract from it the product of the same number multiplied by 
that of the angles less 5 : if you divide the remainder by 6, you will have the sum of 
the terms of the progression. 

For example, suppose it were required to find the sum of the first eight triangular 
numbers. 

Tbe cube of 8 is 512; which being multiplied by the number of the angles of the 
polygon less 2, or by 1, gives still 512; add to this number the triple of the square 
of 8, or 192, which will make 704 ; then, as the number of the angles less 5, is — 
2, multiply 8 by — 2, and you will have — 16; if you then add 16 to 704 you will 
have 720, which being divided by 6, gives 120, for the sum of the eight first triangu- 
lar numbers. 

The same result may be obtained, with more ease, by multiplying the number of 
the terms 8, by 9, and the product by 10, which gives also 720 ; which divided by 6, 
the quotient is 120, as before. 

In the case of a series of squares, the number of which we shall here suppose to 
by 10, we have only to multiply the number of terms, viz. 10, by tbe same number 
plus unity, or by 11, and then by the double of tbe same number plus unity, that is 
to say by 21 : the product of these three numbers, 2310, if divided by 6, gives 385, 
for tbe sum of the first ten square numbers I, 4, 9, 16, &c. 


CHAPTER V. 

OF RIGHT ANGLCD TRIANGLES IN NUMBERS ; OR RIGHTANGLED TRIANGULAR 

NUMBERS. 

Rightanglei) triangular numbers, arc rational numbers so related to each other, 
that the sum of the squares of two of them is equal to tbe square of the third. 

The numbers 3, 4, and 5 have this property, 3^ -f 4^ being equal to 5^. 

Right-angled triangular numbers must be severally unequal ; for, if the two less 
ones^ could each be represented by n, and the third or greatest by then 2 = 

b a 2, an irrational number, whatever is the value of a. 

The area of a lightangled triangle, whose sides are rational, cannot be equal to a 
rational square. 

If a, 6, and c represent tbe sides of a triangle, and C be the angle opposite c ; then 
if C == 90°, + ^,2 — ; if C = 120°, n* + o 6 + 62 = c2^ and if C = 60°, 

— a h ^ 

If n represent any number, and m any other number less than w, then tr + ni? 
will represent the hypothenase of a rightaiigled plane triangle, of which the other 
two hides are respectively — m2, and 2 n m. 

For example, if n = 2, and m = 1, then -|- m2 = 5, n* — m2 s=: 3, and 2nviz=i 
4, which are rightangled triangular numbers. 

If w = 7 and m = 2, the formulae give 53, 45, and 28 for the numbers, and 53r 
= 2809 = 452 + 28=. . 

We shall now propose and solve a few of the most easy and curious problems 
respecting right-angled triangular numbers. 

PROBLEM I. 

To find as many Itightangled Triangles in Numbers as we please • 

This may be effected by the concluding formulae which we have just given, but 
we think it right to add the following methods. 
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Take any two numbers at pleasure, for example 1 and 2, which we shall call gene- 
rating numbers ; multiply them together ; then having doubled the product, we ob- 
tain one of the sides of the triangle, which in this case will be 4. If we then square 
each of the generating numbers, which in the present example will give 4 and 1, their 
difference 3 will be the second side of the triangle, and their sum 5 will be the hypo- 
then use. The sides of the triangle, therefore, having 1 and 2 for their generating 
numbers, are 3, 4, 5. 

If 2 and 3 had been assumed as generating numbers, we should have found the 
sides to be 5, 12, and 13 ; and the numbers 1 and 3 would have given 6,8, and 10. 

Another Method. a progression of whole and fractional numbers, as IJ, 2^, 
3?, 4i, &c., the properties of which are ; Ist, The whole numbers are those of the 
common series, and have unity for their common difference. 2nd, The numerators 
of the fractions, annexed to the whole numbers, are also the natural numbers. 3rd, 
The denominators of these fractions are the odd numbers 3, 5, &c. 

Take any term of this progression, for example 3f, and reduce it to an improper 
fraction, by multiplying the whole number 3 by 7, and adding to 21, the product, the 
numerator 3, which will give y. The numbers 7 and 24 will be the sides of a right- 
angled triangle, the hypothenuse of which may be found by adding together the 
squares of these two numbers, viz. 49 and 576, and extracting the square root of the 
sum. The sum in this case being 625, the square root of which is 25, this number 
will be the hypothenuse required. The sides therefore of the triangle produced by 
the above term of the generating progression, are 7, 24, 25. 

In like manner, the liist term IJ will give the rightangled triangle 3, 4, 5. 

The second term 2§ will give 5, 12, 13. 

The fourth 4^ will give 9, 40, 41 . All these triangles have the ratio of their sides 
different ; and they all possess this property, that the greatest side and the hypothe- 
nuse differ only by unity. 

The progression IJ, 2^^, 3^, 4iJ, &c., is of the same kind as the preceding. The 
first term of it gives the rightangled triangle 8, 15, 17 ; the second term gives the 
triangle 12, 35, 37 ; the third the triangle 16, 63, 65; &c. All these triangles, it is 
evident, arc different in regard to the proportion of their sides ; and they all have 
this peculiar property, that the difference between the greater side and the hypothe- 
nuse, is always the number 2. 

PROBLEM II. 

To find any Number of Bightanyled Triangles in NumherSy the sides of which shall 
differ only by Unity. 

To resolve this problem, we must find out such numbers that the double of their 
squares plus or minus unity shall also be square numbers. Of this kind are the lum- 
bers 1, 2, 5, 12, 29, 70, &c. ; for twice the square of 1 is 2, which diminished by uniiy 
leaves 1, a square number. In like manner, twice the square of 2 is 8, to which if 
we add 1, the sum 9 will be a square number. And so on. 

Having found these numbers, take any two of them which immediately follow each 
other, as 1 and 2, or 2 and 5, or 12 and 29, for generating numbers. The right- 
angled triangles arising from them will be of such a nature, that their sides will differ 
from each other only by unity. The following is a table of these triangles, with 


their generating numbers. 
Gener. Numb. 

1 2 

3 

Sides. 

4 

Hypoth. 

5 

2 

5 

20 

21 

29 

5 

12 

119 

120 

369 

12 

29 

696 

697 

985 

29 

70 

4059 

4060 

5741 

70 

169 

23660 

23661 

33461 
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But if the problem were, to find a Bcries of triangles of such a nature, that the hypo- 
thenuse of each should exceed one of the sides only by unity, the solution would be 
much easier. Nothing in this case would be necessary but to assume, as the generate 
ing numbers of the required triangle, any two numbers having unity for their difier- 
ence. The following is a table sin^ilar to the preceding, of the six first rightangled 
triangles produced by the first numbers of the natural series. 


Gener. 

Numb. 


Sides. 

Hypoth. 

1 

2 

3 

4 

5 

2 

3 

5 

12 

13 

8 

4 

7 

24 

• 25 

4 

5 

9 

40 

41 

5 

6 

11 

60 

61 

6 

7 

13 

84 

85 

If we assume. 

as generating numbers, the respective sides of the preceding series 

of triangles, we shall have 

a new series of rightangled triangles, the hypothenuses of 

which will always be square numbers ; as 

may be seen in the following table. 

Gener. Numb. 

Sides. Hypoth. Roots. 

3 

4 

7 

24 

25 5 

5 

12 

119 

120 

169 13 

7 

24 

336 

527 

625 25 

» 

40 

720 

1519 

1681 41 

11 

60 

1320 

3479 

3721 61 

13 

84 

2184 

6887 

7225 85 


It may here be observed, that the roots of the hypothenuses arc always equal to 
the greater of the generating numbers increased by unity. 

But if the second side and the hypothenuse of each triangle in the above table, 
which diflfer only by unity, were assumed as the generating numbers, we should have 
a series of rightangled triangles, the least sides of which would always be squares. 


A few of these are as follow : 

Gener, Numb. 


Sides. 

Hypoth. 

4 

5 

9 

40 

41 

12 

13 

25 

312 

313 

24 

25 

49 

1200 

1201 

40 

41 

• 81 

3280 

3281 


In the last place, if it were required to find a series of rightangled triangles, one 
of the sides of which shall be always a cube, we have nothing to do but to take, as 
generating numbers, two following terms in the progression of triangular numbers, 
as 1, 3, C, 10, 15, 21, &c. By way of example we shall here give the first four 
of these triangles : 


Gener. Numb. 

1 3 

6 

Sides. 

8 

Hypoth. 

10 

3 

6 

36 

27 

45 

6 

10 

120 

64 

136 

10 

15 

300 

125 

326 


PROBLEM UI. 

To find Three different Righiangled Triangles^ the Areas of which shall he 

all JEqual, 

The following are three xightangled triangles which possess this propei (y. The 
sides of the first arc, 40, 42, 48 ; those of the second 24, 70, 74 ; and those of the 
third, 15, 112, 113. 
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The method by which these triangles are found, is as follows : 

Add the product of any two numbers to the sum of their squares, and that will 
give the &bt number; the difference of their squares will give a second; and 
double the sum of their product and of the square of the least number, will give the 
third. 

If you then form a rightangled triangle from the ^o first of the numbers thus 
found, as generating numbers ; a second from the two extremes ; and a third from the 
first and the sum of the other two ; these three rightangled triangles will be equal 
to each other. 

No more than three rightangled triangles, equal to each other, can be found in 
whole numbers ; but we may find as many as we choose in fractions or roixt numbers, 
by means of the following formula : 

With the hypothenuse of one of the above triangles, and the quadruple of its area, 
form another rightangled triangle, and divide it by double the product which arises 
from multiplying the hypothenuse of the triangle you made choice of by the difference 
of the squares of the two other sides : the triangle thence produced will be the one 
required. 


PROBLEM IV. 

To find a Rightangled Triangle, the Sides of which shall be in Arithmetical 
^ Progression. 

Take two generating numbers which have to each other the ratio of 1 to 2 ; the 
sides of the rectangled triangle thence produced will be in arithmetical pro- 
gression. , , 

The simplest of these triangles, is that which has for its sides 3, 4, and .5, arising 
from the numbers 1 and 2 assumed as generating numbers. But it is to be observed, 
that all the other triangles, which possess the same property, are similar to this one, 
and are only multiples of it. That there can be no other kind, might easily be 
demonstrated in a great many different ways. 

For let O', a: -|- a, and a? 2 o, be the sides, then a® -^-ar -(- a* = x 2 and this 
quadratic equation gives x = 3 o. Therefore the sides are represented by 3 a, 4 a, 
and 5 a. 

Remark — If it were required to find a rightangled triangle, the three sides of 
which should be in geometrical proportion, we must observe, that none such can be 
fo und in w hole numbers ; for the two generating numbers ought to be in the **atio of 1 to 
s/ s/^ — 2, which is an irrational number. 


PROBLEM v. 

To find a Rightangled Triangle, the Area of which, expressed in Numbers, shall be 
equal to the Perimeter, or in a given ratio to it. 

Of any square number, and the same square increased by 2, form a rightangled 
triangle, and divide each of its sides by that square number : the quotients will give 
the sides of a new rightangled triangle, the area of which, expressed numerically, will 
be equal to the perimeter. 

Thus, if we take, as generating numbers, 1 and 3, we shall have the triangle 0, 8, 
10, the sides of which, if divided by unity, give the same 6, 8, 10, forming a triangle 
having the property required ; for the area and the perimeter are each equal to 24. 
In like manner, if we take 4 and 0 as generating number^, we obtain for the required 
triangle 5, 12, 13, which on trial will he found to possess the same property. 

These triangles are the only two of the kind which can be found in whole num- 
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bors ; but we may find abundance of them in fractional numbers, by means of the 
squares 9, 16, &c. ; such as the following: or Si?» W» 

least terms, JLji, i|4. 

If it were required that the area of the proposed triangle should be only in a given 
ratio to the perimeter, for example that of f ; take as generating numbers a square, 
and the same square increased^by 3, and form from them, as before directed, a right- 
angled triangle : this triangle will possess the required property. Of this kind, in 
whole numbers, are the two triangles 8, 15, 17, and 7, 24, 25 : and numberless others 
may be found in fractional numbers. 


CHAPTER VI. 

SOME CUBIOCS PROBLEMS RESPECTING SQUARE AND CUBE NUMBERS. 

PROBLEM X. 

Any Square Number being giveny to divide it into Two other Squares. 

Innumerable solutions may be found to this problem, in the following manner. 
Let 16, for example, whose root is 4, be the square to be divided into two other 
squares, which, as may be easily seen, can be only fractions. 

Take any two numbers, as 3 and 2 ; multiply them together ; and by their product 
multiply the double of 4, the root of the proposed square ; the last product, which in 
this case is 48, will be the numerator of a fraction, the denominator of which will be 
13, the sqm of the squares of the above numbers 3 and 2: the fraction therefore 
will give the side of the first square required, which square consequently will 
be 

To obtain the second, multiply the given square by the above denominator 169, 
and from the product 2704 subtract the numerator 2304: if we then take 20, the 
root of 400 the remainder, (which will be always a square,) for a numerator, and 13 
for a denominator, we shall have the fraction side of the second square. 

The two sides of the required squares therefore, are |§ andf§, the squares of which, 
^ and will be found equal to the square number 16. 

If we had taken for the primitive numbers 2 and 1, we should have had the roots 
y and the squares of which are and the sum of which is or 16. 

The numbers 4 and 3 would have given the roots and J|, the squares of which 
^ and still make up or 16. 

It may here be seen, that by varying the two first supposed numbers at pleasure, the 
solutions also may be varied without end. 

Remark Should it be here asked whether a given cube can, in like manner, be 

divided into two other cubes ? we shall reply, on the authority of an eminent analyst, 
M. de Fermat, that it is not possible. It is equally impossible to divide any power 
above the square into two parts, which shall be powers of the same kind ; for ex- 
ample, a biquadrate into two biquadrates. 


problem n. 

To divide a Number, which is the Sum of Two Squares, into Two other Squares. 

Let the proposed number be 13, which is composed of the two squares 9 and 4 : it 
it required to divide it into two other squares. 

Take any two numbers, for example, 4 and 3; and multiply the former, 4, by 6, the 
double of 3 the root of one of the above squares ; and the second 3 multiply by the 
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double of 2 the root of the other square; which will give as products 24 and 12. 
Subtract the latter of these numbers from the former, and their difference 12 will be 
the numerator of a fraction, the denominator of which will be 25, the sum of the 
squares of the numbers first assumed. Multiply this fraction by each of the assumed 
numbers, viz. 4 and 3, and you will have and If you then take the greater 
of these numbers from the root of the greater square contained in 13, viz. 3, the re- 
mainder will be ^ : and if you add the other to the side of the smaller square con- 
tained in 13, viz. 2, you will have Jf. These two fractions then, ^ and fj, will be 
the bides of the two squares sought, viz. and which together are equal to 13. 

By supposing other numbers, other squares may be obtained ; but these are suffi- 
cient to shew the method of finding them. 

Remark For a number to be divisible, in a variety of ways, into two squares, it 

must be either a square, or composed of two squares. Of this kind, taking them 
in order, are the numbers 1, 2, 4, 5, 8, 9, 10, 13, 16, 17, 25, 26, 29, 32, 34, 36, 37, &c. 
We do not know, nor do we think it possible to find, any method'of dividing into 
two squares any number which is not a square, or the sum of two squares ; and wc 
are of opinion that it may be established as a rule, that every whole number, which 
is not a square, or composed of two squares, in whole numbers, cannot be divided, in 
any manner, into two squares. A demonstration of this would be curious. 

But every number is divisible, in a great variety of ways, into four squares ; for there 
is no number which is not either a square, or the sum of two, or of three, or of 
four squares. Bachet de Meziriac advanced this proposition,* the truth of which he 
ascertained as far as possible by trying all the numbers from 1 to 325. It is added, 
by M. de Fermat,! that he was able to demonstrate the following general and curious 
properties of numbers, viz. : 

That every number is either triangular, or composed of two or three triangular 
numbers. 

That every number is cither square, or composed of two, or three, or four square 
numbers. 

And that every number is either pentagonal, or composed of two, or three, four, 
or five pentagonal numbess. And so of the rest. 

A demonstration of these properties of numbers, if they be real, would be truly 


PROBLEM III. 

To find Four Cubes f two of which taken together shall be equal to the Sum of the 

other two. 

This problem may be solved by the following simple method. Take any two 
numbers of such a nature, that double the cube of the less shall exceed that of the 
greater ; then from double the greater cube subtract the less ; and multiply the re- 
mainder, as well as the sum of the cubes, by the less of the assumed numbers : 
the two products will be the sides of the two first cubes required. 

In like manner, take the cube of the greater of the assumed numbers from double 
the cube of the less ; and multiply the remainder, as well as the sum of these two 
cubes, by the greater of the assumed numbers : the two new products will be the 
sides of the other two cubes. 

For example, if we assume the numbers 4 and 5, which possess the above property, 
we obtain, by following the rule, for the sides of the two first cubes, 744, 756 ; and 

* Diophanti Alexandrini Aritbmetioonun, lib. vi. cum Comm. C . G. BachetLToIoiie. 1070. fol.p. 179. 

f Ibid. p. 180. 
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for those of the other two, 945 and 15, which being divided by 3, give for the two 
first 248, 252 ; and for the two latter, .315, 5, 

If the assumed numbers be 5 and 6, we shall have 1535 and 1705 for the sides of 
the two first cubes ; and 2046 and 204 for those of the other two. 

Remark * — A number composed of two cubes being given, it is possible to find two 
other cubes, the sum of which shall be equal to the former two. Vieta was of a con- 
trary opinion ; but M. de Fermat, in his Observations on the Arithmetical Questions 
of Diophantus, with a Commentary by Bachet de Meziriac, has pointed out a method 
by which such cubes can be found. The calculation indeed extends to numbers which 
are exceedingly complex, and sufficient to frighten the boldest arithmetician ; as may 
be seen by the following example, where it is required to divide the sum of the two 
cubes 8 and 1 into two other cubes. By following the method of M. de Fermat, 
Father de Billy found that the sides of the two new cubes were the following 
numbers : 

12436177735990097836481 , 

60962383560137297449 
and 4872671 71714352336360. 

6()9623835()6137*297449 

We must take these numbers on Father de Billy’s word ; for we do not know that 
aqy one will ever venture to examine whether he has been deceived. 

But it is possible to resolve, without much trouble, another question of a similar 
kind, which is : To find three cubes which, taken together, shall be equal to a fourth. 
By following the method pointed out in the above-mentioned work, it will be found 
that the least whole numbers, which resolve the question, are 3, 4, and 5; for their 
cubes added together make 216, which is the cube of 6. 

We have confined ourselves to a few questions of this kind, but they might be 
varied almost without end. They are attended with a peculiar kind of difficulty 
which renders them interesting, and on that account they have been an object of at- 
tention to various analysts ; such as Diophantus of Alexandria, among the ancients, whe^ 
wrote thirteen books on arithmetical questions, of which the first six only remain, 
with another on polygonal numbers. Vieta too exercised his ingenuity on questions 
of this kind ; as did also Bachet de Meziriac, who wrote a commentary on the above 
work of the Greek arithmetician. But this species of analysis was carried farther 
than ever it had been before by the celebrated M. de Fermut. Father de Billy, about 
the same time, gave proofs of the acuteness of his talents in this way, by his work 
entitled Diophantus Redivivus, in which he far excelled the ancient analyst. M. 
Ozanam likewise shewed great ability in this species of analysis, by the resolution 
of several problems which had been considered as insoluble. He wr^te a work on 
this subject, hut it was never published ; and the manuscript, after his death, came 
into the hands of the late M. Dagucsscau, as we are informed by the historian of the 
Academy of Sciences. 

The Hindoos also were great adepts in such problems, as we learn from some alge- 
braical works which have lately been found among them, an account of which may 
be seen in the second volume of Tracts by the late Dr. Charles Hutton. 
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CHAPTER VIL 

OF ARITHMETICAL AND GEOMETRICAL PROGRESSIONS, AND OP CERTAIN PROBLEMS 
WHICH DEPEND ON THEM. 

SECTION 1. 

Explanation of the most remarkable properties of an Arithmetical Progression. 

If there be a series of numbers, either increasing or decreasing, in such a manner, 
that the difference between the first and the second shall be equal to that between 
the second and third, and between the third and fourth, and so on successively ; these 
numbers will be in arithmetical progression. 

The series of numbers 1, 2, 3, 4, S, 6, &c. ; or 1, 5, 9, 13, &c. ; or 20, 16, 16, 14, 12, 
&c. ; or 15, 12,9, 6,3, are therefore arithmetical progressions ; for in the first, the 
difference between each term and the following one, which exceeds it, is always I ; 
in the second it is 4 : in like manner this difference is always 2 in the third series, 
which goes on decreasing ; and in the fourth it is 3. 

It may be readily seen, that an increasing arithmetical progression may be continued 
ad infinitum ; but this cannot be the case, in one sense, with a decreasing series ; for 
we must always arrive at some term, from which if the common difference be taken, 
the remainder will be 0, or else a negative quantity. Thus, the progression 19, 15, 
11, 7» 3, cannot be carried farther, at least in positive numbers; for it is impossible 
to take 4 from 3, or if it be taken we shall have, according to analytical expression, 
— 1 ;* and by continuing the subtraction we should have — 5, — 9, &c. 

The chief properties of arithmetical progressions may be easily deduced from the 
definitions w'hich we have here gi\en. For a little attention will shew, 

1st. That each term is nothing che than the first, plus or minus the common dif- 
ference multiplied by the number of intervals between that term and the first. 
Thus, in the progression 2, 5, 8, 11, 14, 17, &c., the difference of which is 3, there are 
fiveinteivals between the sixth term and the first; and for this reason the sixth 
term was equal to the first plus 15, the product of the common difference 3 
by 5. But as the number of intervals is always less by unity than the number 
of terms, it thence follows, that we may find any term, the place of which in 
the series is known, If we multiply the common difference by the number expressing 
that place less unity. According to this rule, the hundredth term of an increasing 
progression will be equal to the first plus 99 times the common difference. If it be 
.decreasing, it will bo equal to the first term minus that product. 

In every arithmetical progression therefore, the common difference being given, to 
find any term the place of which is known ; multiply the common difference by the 
number which indicates that place less unity, and add the product to the first term, 
if the progression be increasing, but subtract it if it be decreasing : the sum or re- 
mainder will be the term required. 

2nd. In every arithmetical progression, the sum of the first and last terms, is equal 
to that of the second and the last but one ; and to that of the third and the last but 
two, &c. ; in a word, to the sum of the middle. terms if the number of the terms 
be even, or to the double of the middle term if the number of the terms be odd. 

This may easily be demonstrated from what has been said : for let us call the first 
term A, and let us suppose that there are twenty terms in the progression ; if it be 
increasing, the twentieth term will be equal to A plus nineteen times the common 

* As the quantities called negative aic real quanfitien, taken in a sense contrary to that of the 
quanuues called pcisitive, it is evident that, seeding to mathcmaticul and analytical strictness, an 
arithmetical progression may be continued ad inhoitum, deci easing as well as increasing ; hut we 
here speak agreeably to the vulgar mode of expiessioii. 
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difference ; and tlieir sum will be double the first term plus nineteen times that dif- 
ference. But the second term is equal to the first plus the common difference, and 
the nineteenth term, or last but one, according to our supposition, is equal to the first 
plus eighteen times that difference. The sum therefore of the second and last but 
one, is twice the first term plus nineteen times the common difference, the same as 
before. And so of the third and last but two. 

3rd. By this last property we are enabled to shew in what manner the sum of all 
the terms of an arithmetical progression may be readily foiuid ; for, us the first and 
last terms make the same sum as the second and last but one, and as the third and 
the last but two, &c. j in short as the two middle terms, if the number of terms be even ; 
it thence follows, that the whole progression contains as many times the sum of the 
first and the last terms, as there are pairs of such terms. But the number of pairs 
is equal to half the number of terms ; consequently the sum of the whole progression 
is equal to the product of the sum of the first and la^t terms multiplied by half the 
number of terms, or, what amounts to the same, to half the product ot the sum of 
the first and the last terms by the number of the terms of the progression. 

If the number of the terms be odd, as 9 for example ; it may be readily seen that 
the middle term will be equal to half the sum of the two next to it, and consequently 
of the sum of the first and the last. But the sum of all the terms, the middle term 
excepted, is equal to the product of the sum of the first and hist terms by the number 
of terms less unity, for example 8 in the case here proposed, where there are 9 terms ; 
consequently, by adding the middle term, which will complete the sum of the pro- 
gtcssioii, and which is equal to half the sum of the first and the last terms, we shall 
have, for the sum total of the progression, as many times the half sum above. men- 
tioned, as there arc terms in the progression ; which is the same thing us the 
product of half the sura of the fiist and last terms by the number of the terms, or 
the product of the whole sum by half the number of terms. 

When these rules are well understood, it will be easy to resolve the following 
questions. 


PROBLEM I. 

If a hundred stones are placed in a straiyht llne^ at the distance of a yard from each 
other i how many yards must the person walk^who undo takes to pick them up one 
by one, and to put them into a basket a yard distant Jrom the first stone f 

It is evident, that to pick up the first stone, and put it into the basket, the person 
must walk 2 yards, one in going and another in returning; that for the second he 
roust walk 4 yards ; and so on, increasing by two a» far as the hundredth, which will 
Qblige him to walk two hundred yards, one hundred in going, and one liiindred in 
returning. It may easily be perceived also, that these numbers form an arithmetical 
progression, in which the number of terms is 100, the first term 2, and the last 200. 
The sum total therefore will be the product of 202 by 50, or lOlOO yards, which 
amount to more than five miles and a half. 

PROBLEM II. 

A gentleman employed a bricklayer to sink a well, and agreed to give him at the rate of 
three shillings for the first yard in depth, five for the second, seven for the third, and 
so on increasing till the twentieth, where he expected to find water : how much was 
due to the bricklayer when he had completed the work. 

This question may be easily answered by the rules already given ; for the diffe- 
rence of the terms is 2, and the number of terms 20 ; consequently, to find the twen- 
tieth term, we must multiply 2 by 19, and add 38, the product, to the first term 8, 
which will give 41 for the twentieth term. 
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If we then add the iirst and last terms, that is 3 and 41, which will make 44, and 
multiply this sum by 10, or half the number of terms, the product 440 will he the 
sum of all the terms of the progression, or the number of shillings due to the brick- 
layer when he had completed the work. He would therefore have to receive £22. 

PROBLEM in. 

A gentleman employed a bricklayer to sink a well to the depth of 20 yards, and agreed to 
give him £20 for the whole; hut the bricklayer falling sick^ when he had finished the 
eighth yard, was unable to go on with the work : how much was then due to him 9 

Those who might imagine that two fifths of the whole sum were due to the work- 
man, because *8 yards are two fifths of the depth agreed on, would certainly be mista- 
ken ; for it may be easily seen that, in cases of this kind, the labour increases in pro- 
portion to the depth. We shall here suppose, for it would be difficult to determine 
it with any accuracy, that the labour increases arithmetically as the depth ; conse- 
quently the price ought to increase in the same manner. 

To determine this problem, therefore, £20 or 400 shillings must be divided into 
20 terms in arithmetical progression, and the sum of the first eight of these will be 
what was due to the bricklayer for his labour. 

But 400 shillings may be divided into twenty terms, in arithmetical proportion, a 
great many difitfient ways, according to the value of the first term, which is here 
undetermined : if we suppose it, for example, to be 1 shilling, the progression will be 
1, 3,5, 7y &c., the last term of which will be 39; and consequently the sum of the 
first eight terms will be 64 shillings. On the other band, if we suppose the first term 
to be 10^, the series of terms will be 10^, 11 j-, 12j^, 13^, )4^, which will give 112 
shillings for the sum of the first eight terms. • 

But to resolve the problem in aproper manner, so as to give to the bricklayer his just 
due for the commencement of the work, we must determine what is the fair value of a 
yard of work, similar to the first, and then assume that value as the first term of the 
progression. We shall here suppose that this value is 5 shillings ; and in that case 
the required progression will be 5, 8^, 9i§, lift, 12j{, &c., the common diffe- 

rence of which is and the lost term 35. Now to find the eighth term, which is 
necessary before we can find the sum of the first eight terms, multiply the common 
difference ^ by 7, W'hich will give lift, *and add this product to 5 the first term, 
which will give the eighth term 16ft ; if we then add 16ft to the first term, and 
multiply the sum, 21ft, by 4, the product, 84 ft, will be the sum of the first eight 
terms, or what was due to the bricklayer, for the part of the work he bad completed. 
The bricklayer therefore had to receive 84ft shillings, or £4. 4s. 2d. 

PROBLEM lY. 

A merchant being considerably in debt, one of his creditors, to whom he owed £1860, 
offered to give him an acquittance if he would agree to pay the whole sum in 12 monlA- 
ly instalments ; that is to say, £100 the first month, and to increase the payment 
by a certain sum each succeeding month, to the twelfth inclusive, when the whole debt 
would be discharged: by what sum was the payment of each month increased? 

In this problem the payments to be made each month ought to increase in arith- 
metical progression. We have given the sum of the terms, which is equal to the 
sum total of the debt, and also the number of these terms, which is 12 ; but their 
common difference is unknown, because it is that by which the payments ought to 
increase each month. 

To find this difference, wc must take the first payment multiplied by the number 
of terms, that is to say 1200 pounds, from the sum total, and the remainder will 

D 
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bo 660 ; w« must then multiply the number of terms less unity » or 11, by half the 
number of terms, or 6, and we shall have 6G; by which,’ if the remainder 660 be 
divided, the quotient 10 will be the diiTerence required. The first payment, there- 
fore, being 100, the second payment must have been 110, the third 120, and the 
last 210. 


SECTION 11. 

Of Geometrical Progressions, with an explanation of their Principal Properties, 

If there be a series of terms, each of which is the product of the preceding by a 
commoti multiplier ; or what amounts to the same thing, each of which is in the 
same ratio to the preceding ; such a series forms what is called a geometrical pro- 
gression. Thus 1, 2, 4, 8, 16, &c., form a geometrical progression ; for the second 
is the‘double of the first, the third the double of the second, and so on in succession. 
The terms 1, 3, 9, 27, 81, &c. form also a geometrical progression, each term 
being the triple of that which precedes it. 

I. The principal property of geometrical progression is, that if we take any three 
following terms, as 3, 9, 27, the product, 81 , of the extremes will be equal to the 
square of the middle term 9 ; in like manner, if we take four following terms, as 3, 
9, 27, 81, the product of the extremes, 243, will be equal to the product of the two 
means or middle terms, 9 and 27* 

In the last place, if we take any successive number of terms, as 2, 4, 8, 16, 32, 64, 
the product of the extremes, 2 and 64, will be equal to the product of any two which 
arc equally distant from them, viz. 4 and 32, or 8 and 16. If the number of the terms 
were odd, it is evident that there would be only one term equally distant from the 
two extremes ; and in that case, the square of this term W’ould be equal to the pro- 
duct of the extremes, or to that of any two equally distant from them, or from the 
mean term. 

II. Between geometrical and arithmetical progression there is a certain analogy, 
w hich deserves here to be mentioned, and which is, that the same results are obtained 
in the former by employing multiplication and division, as are obtained in the latter 
by addition and subtraction. When in the latter we take the half or the third, we 
employ in the former extraction of the square, cube, &c. roots. 

Thus, to find an arithmetical mean between any two numbers, for example 3 and 
12, we add the two given extremes, and 7J, the half of their sum 15, will be the 
number required ; but to find a geometrical mean between two numbers, we must 
multiply the two extremes, and extract the square root of their product. Thus, if 
the given numbers were 3 and 12, by extracting the square root of their product 86, 
we shall have 6 for the number required. 

If we take any geometrical progression whatever, as 1, 2, 4, 8, 16, 32, 64, &c., and 
write it down as in the subjoined example, with the terms of an arithmetical progres- 
sion above it, in regular order, 

01 23456 7 8 9 10 

1 2 4 8 16 32 64 128 256 512 1024 

the following properties will be remarked in this combination : 

Ist. If any two terms whatever of the geometrical progression, for example 4 
and 64, be multiplied together, their product will be 256; if we then take the two 
terms of the arithmetical progression corresponding to 4 and 64, which are 2 and 6, 
and add them together, their sum 8 will be found over the above sum 266. 

2d. If we take four terras of the lower series in geometrical proportion, for exam- 
ple, 2, 16, 64, 512, the numbers of the upper series corresponding to them will be 
1, 4, 6, 9, which are in arithmetical proportion ; for the difference between 4 and I 
16 the same as that between 9 and 6. 

3d. In the low’er scries, if we take any square number, for example 64, and in the 
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upper series the term corresponding to it, viz. 6, the half of the latter will be found 
to correspond to the equate root of 64; the former, viz. 8. 

By taking, in the lower series, a cube, for example 512, and in the upper series the 
corresponding number 9, it will be found that the third of the latter, which is 3# 
will correspond to the cube roo^f the former 512, which is 8. 

Thus, it is evident, that what mxiulti plication in geometrical progression, is addi* 
tion in arithmetical ; that what is division in the former, is subtraction in the latter ; 
and, in the last place, that which is extraction of the square, cube, &c. roots, in 
geometrical progression, is simple division by 2, 3, &c. in arithmetical. 

This remarkable analogy is the foundation of the common theory of logarithms ; and 
on that account seemed worthy of some illustration. 

III. It is evident that all the powers of the same number, taken in regular order, 
form a geometrical progression ; as may be seen in the following example, which is a 
series of the powers of the number 2, 

2 4 8 16 32 64 128, &c. 

The case is the same with the powers of the number 3, which form the series, 

3 9 27 81 243 729, &c. 

The first of these series has this peculiar property, that if we take the first, second, 
fourth, eighth, sixteenth, and thirty-second terms, and to them add unity, the result 
will be prime numbers. 

IV. The common ratio of a geometrical progression, is the number that resiilfs 
from the division of any term by that which precedes it. Thus, in the geometrical 
progression 2, 8, 32, 128, 512, the ratio is 4; for if we divide 128 by 32, 32 by 8, or 
8 by 2, the quotient will be always 4. The ratio therefore acts an important part in 
geometrical progression ; the same that the common difference does in arithmetical, 
that is to say, it is always constant. 

To find any term then, for example the 8th, of a geometrical progression, the ratio 
and first term of which are known, multiply the ratio by itself 7 times, or as many 
times as there are units in the place of the required term less one ; or, what is the 
same thing, raise the ratio to the 7th power; then multiply the first term by the 
product, and the new product will be the eighth term required. For example, let the 
first term of the progression be 3, and the ratio 2; to find the 8th term, raise 2 to the 
7th power, which will be 128, and multiply 128 by the first term 3, the product 384 
will give the 8th term of the progression required. 

We shall here observe, that had the 8th term of an arithmetical progression been 
required, the first term and the common difference being given, we should have mul- 
tiplied that difference by 7, and added the product to the first term ; which is a proof 
of the analogy already mentioned in the second paragraph. 

V. The sum of the terms of any given geometrical progression may be found in the 
following manner : 

Multiply the first term by itself, and the last by the second, and take the difiTerence 
of the two products. Then divide this difiTerence by that of the first two terms, and 
the quotient will be the sum of all the terms. 

Let us take, for example, the progression 3, 6, 12, 24, &c., the eighth term of which 
is 384, and let it be required to find the sum of these eight terms : the product ofthe 
first term by itself is 9, and that of the last by the second is 2304 ; the difference of 
these products is 2295; if this difiTerence then be divided by 3, the difference ofthe 
first and second terms, wc shall have for quotient the number 765, which will be the 
sum of these eight terms. 

VI. A geometrical progression may decrease m infinitum, without ever reaching 0 ; 
for it is evident that any part of the quantity greater than 0 can never become 0. A 
decreasing geometrical progression therefore may be extended without end ; for by 
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dividing the last term by the ratio of the progresbjoj), we nave me luuoWi^i^ 
term. 

We shall he/e subjoin two of these decreasing progressions, by way of ex- 
amples : — 

i» i* i» iSi» 

I I* h h ah 

VII. The sum of an increasing geometrical progression is evidently infinite ; but 
that of a decreasing geometrical progression, whatever be the number of terms as- 
sumed, is always finite. Thus the sum of all the terms, in infinitum^ of the progres- 
sion 1, I, », &c., is only 2; that of the progression 1, J, J, &c. in infinitum^ is 
only H I &c. This necessarily follows from the method already given, for finding 
the sum of any number of terms whatever of a geometrical progression ; for if we 
suppose it prolongued in infinitum, and decreasing, the last term will be infinitely 
small, orO; the product of the second term by the last will therefore be 0; and 
consequently, to find the sum, nothing will be necessary but to divide the square of 
the first term by the di6ference of the first and the second. In this manner it will be 
fonndthat the sum of 1, j, &c. continued tn infinitum, is 2; and that of 1, 
i, &c. will be§ or 1^; for the square of 1 is I, the difference of IJ and is and 
unity divided by ^ gives 2 ; in like manner, I being divided by §, w'hich is the difier- 
ence of 1 and gives 

Remark When we say that a progression continued in infinitum may be equal to 

a finite quantity, we do not, like Fontenelle, pretend to assert that infinity can have 
a real existence. What is here meant, and what ought to be understood by all such 
expressions, is that, whatever be the number of terms of a progression assumed, their 
sum never can equal the determined finite quantity, though it may approach to it in 
such a manner, that their difference will become smaller than any assignable quantity. 

PROBLEM 1. 

If Achilles can walk ten times as fast as a tortoise, which is afuihng before him, can 
crawl; will the former overtake the latter, and how far must he walk before he 
does so f 

This problem has been thought worthy of notice merely because Zeno, the founder 
of the sect of the Stoics, pietended to prove by a sophism that Achilles could never 
overtake the tortoise ; for while Achilles, said he, is walking a furlong, the tortoise 
will have advanced the tenth of a furlong ; and while the former is walking that 
tenth, the tortoise will have advanced the hundredth part of a furlong, and so on tu 
infinitum ; consequently an infinite number of instants must elapse before the hero can 
come up with the leptile, and therefore he will never come up with it. 

Any person however, possessed of common sense, may readily perceive that 
Achilles will soon come up with the tortoise, since he will get before it. In what 
then consists the sophism ? It may be explained as follows : 

Achilles indeed would never overtake the tortoise, if the intervals of time during 
which he is supposed to be walking the first furlong, and then the tenth, hundredth, 
and thbusandtit parts of a furlong, which the tortoise has successively advanced before 
him, were equal; but if we suppose that he has walked the fiist furlong in 10 
minutes, he will require only one minute to walk the tenth of a furlong, and 
of a minute to walk the hundredth, &c. The intervals of time therefore, 
which Achilles will require to pass over the space gained by the tortoise, during 
the preceding time, will go on decreasing in the following manner: 10, 1, 7)0, 

&c. ; and this series forms a sub-decuple geometrical progression, the sum 
of which is equal to llj, or the interval of time at the end of which Achilles will 
have reached the tortoise. 
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PROBLEM II. 

Jffthe hour and minute hands of a dock both begin to move exactly at noon, at what 
points of the dial-plate will they be successively in conjunction, during a whole revo^ 
lution of the twelve hours 9 ^ 

This problem, considered in a certain manner, is in nothing different from the pre- 
ceding. The minute hand acts here the part which Achilles did in the former, and 
the hour hand, which moves twelve times slower, that of the tortoise. In the last 
place, if we suppose the hour hand to be beginning ’a second revolution, and the 
minute hand to be beginning a first, the distance which the one has gained over the 
other will be a whole revolution of the dial-plate. When the minute hand has made 
one revolution, the hour hand will have made but one twelfth of a revolution, and so on 
progressively. To resolve the problem therefore, we need only apply to these data, 
the method employed in the former case, and we shall find that the interval from 
noon to the point where the two hands come again into conjuction, will he ^ of a 
whole revolution, or, what amounts to the same thing, one hour and ^ of an hour. 
They will afterwards be in conjunction at 2 hours and ^,3 hours aud 4 hGtirs 
and &c. ; and, lastly, at 11 hours that is to say at 12 hours. 

PROBLEM III. 

A courtier having performed t,ome very important service to his sovereign, the latter, 
wishing to confer on him a suitable reward, desired him to ash whatever he thought 
proper, promising that it should be granted. The courtier, who was well acquainted 
with the science of numbers, only requested that the monarch would give him a quan- 
tity of wheat equal to that which would arise from one grain doubled sixty -three 
times successively. What was the value of the reward 9 

The origingf this problem is related in so curious a manner by Al-Scphadi, an 
Arabian adHjjjlpthat it deseivcs to be mentioned. A mathematician named Sessa, 
says he, the son of Daher, the subject of an Indian prince, having invented the game 
of chess, his sovereign was highly pleased with the invention, and wishing to confer 
on him some reward worthy of his magnificence, desired him to ask whatever he 
thought proper, assuring him that it should be granted. The mathematician how- 
ever only asked a grdin of wheat for the first square of the chess-board, two for the 
second, four for the third, and so on to the last or sixty-fourth. The prince at first 
was almost incensed at this demand, conceiving that it was ill-suited to his liberality, 
and ordered bis vizier to comply with Sessa’s request; but the minister was much 
astonished when, having caused the quantity of corn necessary to fulfil the prince's 
order to be calculated, he found that all the grain in the royal granaries, and that 
even of all his subjects, and in all Asia, would not be sufficient. He therefore 
informed the prince, who sent for the mathematician and candidly acknowledged 
that he was not rich enough to be able to comply with his demand, the ingenuity of 
which astonished him still more than the game he bad invented. 

^ Such is then the origin of the game of chess, at least according to the Arabian 
historian Al-Sephadi. But it is not our business here to discuss the truth of this 
story ; our business being to calculate the number of grains demanded by the mathe- 
matician Sessa. 

It will be found by calculation, that the 64th term of the double progression, be- 
ginning with unity, is 9223372036854775808. But the sum of all the terms of a 
double progression, beginning with unity, may be obtained by doubling the last term 
and subtracting from it unity. The number therefore of the grains of wheat equal 
to Sessa’s demand, will be 18446744073709551615. Now if a standard pint contains 
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9216 grains of wheat, a gallon will contain 73728, and, as eight gallons make 
one bushel, if we divide the above result by eight times 73728, we shall have 
31274997412295 for the number of the bushels of wheat necessary to discharge the 
promise of the Indian king ; and if we suppose that one acre of land is capable of 
producing, in one year, thirty bushels of wheat, to produce this quantity would require 
1042499913743 acres, which make more than eighi times the surface of the globe ; 
for the diameter of Ihe earth being supposed equal to 7930 miles, its whole surface, 
comprehending land and water, will amount to very little more than 126437689177 
square acres. 

Dr. Wallis considers the matter in a manner somewhat different, and says, in his 
Arithmetic, that the quantity of wheat necessary to discharge the promise made to 
Sessa, would form a pyramid nine miles English in length, breadth, and height ; which 
is equal to a parallelopiped mass having nine square leagues for its base, and of the 
uniform height of one league. But as one league contains 15840 feet, this solid would 
be equivalent to another one foot in height, and having a base equal to 142560 square 
leagues. Hence it follows, that the above quantity of wheat would cover, to the 
height of one foot, 142560 square leagues ; an extent of surface equal to eleven times 
that of Britain, which, when every reduction is made, will be found to contain little 
more than 12674 square leagues. 

If the price of a bushel of wheat be estimated at ten shillings, the value of the 
above quantity will amount to £15037408706147. 105.,a sum which, in all probability, 
far surpasses all tbe riches on the earth. 

Another problem of tbe same kind is proposed in the following manner : 

A gentleman taking a fancy to a Aorsc, which a horse-dealer wished to dispose of at as 
high a price as he could, the latter, to induce the gentleman to become a purchaser, 
offered to let him hai'e the horse for the value of the twenty-fourth nail in his shoes, 
reckoning one farthing for the first nail, two for the second, four for the third, and 
so on to the twenty fourth. 'Ihe gentleman thinking he should have a good bargain 
accepted the offer. What was the price of the horse S? 

By calculating as before, the twenty-fourth term of the progression 1, 2, 4,8, Ac., 
will be found to be 8388608, equal to the number of farthings the purchaser ought to 
give for the horse. The price therefore amounted to £8738. 2s. 8d., which is more 
than any Arabian horse, even of the noblest breed, was ever sold for. 

Had the price of the horse been the value of all the nails, at a farthing for the 
first, two for the second, four for the third, and so on, the sum would have been 
double the above number, minus the first term, or 16777215 farthings, that is 
£17476. 5s. 3}d. 

We shall conclude this chapter with some physico-matbematical observations on 
the prodigious fecundity, and the progressive multiplication, of animals and vegeta- 
bles, which would take place if the powers of nature were not continually meeting 
with obstacles. 

1. It is not astonishing that the race of Abraham, after sojourning 260 years in 
Egypt, should have formed a nation capable of giving uneasiness to the sovereigns of 
that country. We are told in the sacred writings, that Jacob settled in Egypt with 
70 persons ; now if we suppose that among these 70 persons there were 20 too far 
advanced in life, or too young, to have children ; that of the remaining 50, 25 were 
males and as many females, forming 25 married couples, and that each couple, in the 
space of 25 years, produced, one with another, 8 children, which will not appear in- 
credible in a country celebrated for the fecundity of its inhabitants, we shall find 
that, at the end of 25 years, the above 70 persons may have increased to 270 ; from 
which if we deduct those who died, there will perhaps be no exaggeration in making 
them amount to 210. The rare of Jacob therefore, after sojourning 25 years in 
Egypt, may have been tripled. In like manner, these 210 persons, after 25 years 
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more, may have increased to 630 ; and so on in triple geometrical progression : hence 
it follows that, at the end of 225 years, the population may have amounted to 
1377810 persons, among whom there might easily be five or six hundred thousand 
adults fit to bear arms. 

II. If we suppose that the race of the first man, making a proper deduction for 
those who died, may have been doubled every twenty years, which certainly is not 
iuconsistent with the powers of nature, the number of men, at the end of five ceii« 
turies, may have amounted to 1048576. Now, as Adam lived about 900 years, he 
may have seen therefore, when in the prime of life, that is to say about the five hun- 
dredth year of his age, a posterity of 1046576 persons. 

III. How great would be the multiplication of many animals, did not the difficulty 
of finding food, the continual war which they carry on against each other, or the 
numbers of them consumed by man, set bounds to their propagation ? It might easily 
be proved, tha^ the breed of a sow, which brings forth six young, two males and four 
females, if we suppose that each female produces every year afterwards six young, 
four of them females and two males, would in twelve years amount to 83554230. 

Several other animals, such as rabbits and cats, which go with young only for a few 
weeks, would multiply with still greater rapidity : in half a century the whole earth 
would not be sufficient to supply them with food, nor even to contain them 1 

If all the ova of a herring were fecundated, a very few years would be sufficient 
to make its posterity fill the whole ocean ; for every oviparous fish contains thousands 
of ova which it deposits in spawning time. Let us suppose that the number of ova 
amounts only to 2000, and that these produce as many fish, half males and half fe- 
males ; in the second year there would be more than 200000 ; in the third, more than 
200000000; and in the eighth year the number would exceed that expressed by 2 
followed by twenty-four ciphers. As the earth contains scarcely so many cubic 
inelies, the ocean, if it occupied the whole globe, would not be sufficient to contain 
all these fish, the produce of one herring in eight years I 

IV. Many vegetable productions, if all their seeds were put into the earth, would 
in a few years cover the whole surface of the globe. The hyosciamus. which of all 
tlie known plants produces perhaps the greatest number of seeds, would for this pur- 
pose require no more than four years. According to some experiments, it has been 
found that one stem of the hyosciamus produces sometimes more than 50000 seeds: 
now if we admit the number to be only 10000, at the fourth crop it would amount to 
a I followed by sixteen ciphers. But as the whole surface of the earth oontaiiis no 
more than 5507634452576256 square feet ; if we allow to each plant only one square 
foot, it will be seen that the whole surface of the earth would not be sufficient for 
the plants produced from one hysociamus at the end of the fourth year I 

SECTION III. 

Of some other Progressions, and particularly Harmonical Progression, 

Three numbers are in harmonical proportion, when the first ia to the last, as the 
difference between the first and the second is to that between the second and the 
third. Thus, the numbers 6, 3, 2, are in harmonical proportion ; for 6 is to 2, as 3, 
the difference between the two first numbers, is to 1, the difference between the two 
last. This kind of relation is called harmonical, for a reason which will be seen 
hereafter. 

I. Two numbers being given, a third which shall fbrm with them harmonical pro- 
portion may be found, by multiplying these two numbers, and dividing their product 
by the excess of the double of the first over the second. Thus, if 6 and 3 be given, 
we must multiply 6 by 3, and divide the product 18 by 9, which is the excess of 12 
the double of 6 over 3, the second of the numbers given. In this case the quotient 
will be 2. 
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It may bence be readily seen that, in one senses it is not always possible to find a 
third number in harmonical proportion with two others ; for when the first is less, if 
its double be equal to or less than the second, the result will be an infinite or a 
negative number. Thus, the third harmonic proportional to 2 and 4 is infinite ; for 
it will be found that the number sought is equal to 8 divided by 4 — 4, or 0. But 
every person, in the least acquainted with arithmetic, knows that the more the deno- 
minator of a fraction is inferior to unity, the greater the fraction ; consequently, a 
fraction which has 0 for its denominator is infinite. 

If the double of the first number be less than the second, as would be the case 
were it proposed to find a third harmonical to 2 and 6, the required divisor will be a 
negative number. Thus, in the proposed example of 2 and 6, it will be ^ 2 ; and 
therefore the third harmonical required will be 12 divided by — 2, that is — 6.* 

But this inconvenience, if it be one, is not to be apprehended when the greater 
number is the first term of the proportion ; for if the first exceeds the second, much 
more will its double exceed it. In this case therefore, the third harmonical will 
always be a finite and positive number. 

II. When thiee numbers, in decreasing harmonical propoition, are given, for ex- 
ample 6, 3, 2. it is easy to find a fourth : nothing is necessary but to find a third har- 
monical to the two last, and this will be the fourth. The third and fourth may, in 
like manner, be employed to find a fifth, and so on ; and this will form what is called 
an harmonical progression, which may be always continued decreasing. In the 
present example, this series will be found to be 

6 , 3, 2. }, ;, I f, I, &c. 
or 6, 3, 2, §, 1, f, J, &c. ■ 

Had the two first numbers been 2 and 1, we should have had the harmonical pro- 
gression 2, 1, J, J, i i, J, 4, i, i, &c. 

It is a remarkable property, therefore, of the series of fractions, having for their 
numerators unity, and for their denominators the numbers of the natural progression, 
that they are in harmonical progression. 

Besides the numerical relation already mentioned, we find indeed, in the series of 
these numbers, all the musical concords possible ; for the ratio of 1 to ^ gives the 
octave ; that of J to J, or of 3 to 2, the fifth ; that of ^ to j-, or of 4 to 3, the 
fourth ; that of } to or of 5 to 4, the third major ; that of 4 to 4 , or of 6 to 5, the 
third minor ; that of 4 to J, or of 9 to 8, the tone major, and that of ^ to <jy, or of 
10 to 9, the tone minor. But this will be explained at more length in that part of 
this work which treats of music. 


PROBLEM. 

What it the Sum of the Infinite Series of Numbers in Harmonieal Progression, 

It haa been already seen, that a series of numbers in geometrical progression, if 
continued m infinitum, will always be equal to a finite number, which soay easily be 
determined. But is the case the same in the present problem ? 

We will venture to reply in the negative, though an author, in the Journal de 
Trevoux, has bestowed great labour in endeavouring to prove that the sum of 
these fractions is finite. But his reasoning consists of mere paralogisms, which he 
would not have employed had he been more of a geometrician ; for it can be demon- 
strated that the series 1, i, ), {, 4* &c., may be always continued in such a manner 
as to exceed any finite number whatever. 

* Set* wbat hM been already said in regard to negative quantities, in the article on arithmetical 
fNrogreiwion. 
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SECTION IV, 

0/ various Progressions decreasing in infinitum^ the Sums of which are known. 

I. A variety of decreasing progressions, which have served to exercise the in- 
genuity of mathematicians, may be formed according to different laws. Thus, for 
example, the numerator being constantly unity, the denominators may increase in 
the ratio of the triangular numbers 1, 3, 6, 10, 15, 21, Sec. Of this kind is the 
following progression : 

ii i» A* A» *‘<5* 

Its sum is finite, and exactly egual to 2, or If 
In like manner, the sum of a progression having unity constantly for its numerators, 
and the pyramidal numbers for its denominators, as, 

li i* A* A» A» 

IS equal to If 

That where the denominators are the pyramidals of the second order, as 

1> li A* A* tis* 

IS equal to If. 

That where they are the pyramidals of the third order, as 

l. i. A> A* jfe- . 

18 equal to If. 

The law therefore which these sums follow, is evident : and if the sum of a similar 
progression, that, for example, where the denominators are the pyramidals of the 
tenth order, were required, we might easily reply that it is equal to lA* 

II. Let us now assume the following progression, 

i* A* A* A> 

in which the denominators are the squares of the numbers of the natural pro- 
gression. 

If the reader is desirous to know its sum, we shall observe, with Mr. John Bcr- 
noulli, by whom it was first found, that it is finite, and equal to the square of the cir- 
cumference of the circle divided by 6, or f of 3‘14159*. 

As to that in which the denominators are the cubes of the natural numbers, Mr. 
Bernoulli acknowledges that he had not been able to discover it. 

Those who are fond, of researches of this kind, may consult a work of James Ber- 
noulli, entitled Tractatus de Seriehus Infinities which is at the end of another pub- 
lished at Bkle in 1713, under the title of Ars Conjectandiy where they will find ample 
satisfaction. They may also consult various other memoirs both of John Bernoulli, 
to be found in the collection of his works, and of Euler, published in the Transac- 
tions of the Imperial Academy of Sdencei at Petersburgh, 


CHAPTER VIII. 

OV COMBIKATIONS AND PERMUTATIONS. 

Before we enter on the present subject, it will be necessary to explain the method 
of constructing a sort of table, invented by Pascal,* called the Arithmetical triangle, 
which is of great utility for shortening calculations of this kind. 

* This U a nistate in Montocla, m the triangle was invented some ages before i*asoa1 : see Dr. 
Hnttoa*s Tracts, 4tn, p. 09. 
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First, form a band a b of ten equal squares, and below it another CD of tbe like kind^ 
but shorter by one square on the left, so that it shall contain only nine squares ; and 
continue in this manner, 
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always making each successive band a square shorter. We shall thus have a series of 
sqifares disposed in vertical and horizontal bands, and terminating at each end in a 
single square so as to form a triangle, on which account this table has been called the 
arithmetical triangle. The numbers with which it is to be filled up, must be dis- 
posed in the following manner. 

In each of the squares of the first band a b, inscribe unity, as well as in each of 
those on the diagonal A e. 

Then add the number in tbe first square of the band c d, which is unity, to that in the 
square immediately above it, and writedown the sum 2, in the following square. Add 
this number, in the like manner, to that in the square above it, which will give 3, and 
write it down in the next square. By these means we bhall have the series of the 
natuial numbers, 1, 2, 3, 4, 5, &c. The same method must he followed to fill up 
other horizontal bands ; that is to say, each square ought always to contain the 
sum of the number in the preceding square of the same row, and that which Is imme- 
diately above it. Thus, the number 15, which occupies the fifth square of the thiid 
band, is equal to the sum of ten which stands in the preceding square, and of 5 which 
is in the square above it. The case is the same with 21, which is the sum of 15 and 6 ; 
with 35 in tbe fourth band, which is the sum of 15 and 20 ; &c. 

The first property of this table is, that it contains, in its horizontal bands, the 
natural, triangular, pyramidal, &c., numbers; for in tbe second, we have the natural 
numbers 1, 2, 3, 4, &c. ; in the third, the triangular numbers 1, 3, 6, 10, 15, &c.; in 
tbe fourth, the pyramidals of the first order 1, 4, 10, 20, 35, Stc . ; in the fifth, the 
pyramidals of the second order, I, 5, 15, 35, 70, &c. This is a necessary consequence 
of the manner in which tbe table is formed ; for it may be readily perceived that the 
number in each square is always tbe sum of those which fill tbe preceding squares on 
the left, in the band immediately above. 

Tbe same numbers will be found in the bands parallel to the diagonal, or tbe bypo- 
tbenuse of the triangle. 

But a property still more remarkable, which can be comprehended only by such of 
our readers as are acquainted with algebra, is, that the perpendicular bands exhibit 
the co-efficients belonging to the different members of any power to which a binomial, 
as a + can be raised. The third band contains those of the three members of the 
square ; the fourth those of the four membeis of the cube; the fifth, those of the 
five members of the biquadrate. But, without enlarging farther on this subject, we 
shall proceed to explain what is meant by combinations. 

By combinations are understood the various ways that different things, the number 
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of which is known, can be chosen or selected, taking them one by one, two by two, 
three by three, &c., without regard to their order. Thus, for example, if it were 
required to know in how many different ways the four letters a, 6, c, d, could be 
arranged, taking them two and two, it may be readily seen that we can form with 
them the following combinations ab, oc, ad, be, bd, cd : four things, therefore, may 
be combined, two and two, six different ways. Three of these letters may be com- 
bined four ways, abc, abd, acd, bed ; hence the combinations of four things, taken 
three and three, are only four. 

In combinations, properly so called, no attention is paid to the order of the things ; 
(pnd for this reason we have made no mention of the following combinations, ba, ca, 
da, cb, db, dc* If, for example, four tickets, maiked a, 6, c, d, were put into a hat, 
and any one should bet to draw out the tickets a and d, either by taking two at one 
time, or taking one after another, it would be of no importance whether a should be 
drawn first or last : the combinations ad or da ought therefore to be here considered 
only as one. 

But if any one should bet to draw out a the first time, and d the second, the case 
would be very different ; and it would be necessary to attend to the order in whidl 
these four letters may be taken and arranged together, two and two : it may be 
easily seen that the different ways are ub, ba, ac, ca, ad, da, be, cb, bd, db, cd, dc» In 
like manner, these four letters might be combined and arranged, three and three, 24 
ways, as abc, acb, bac, hca, cab, eba, adb, abd, dba, dab,‘bad, bda, acd, adc, dac, dca, cad, 
edn, bed, dbc, cdb, bde, cbd, del. This is what is called permutation and change 
of order. 


PROBLEM I. 

Any number of things whatever being given ; to determine in how many ways they may 
he combined two and two, three and three, f^c., without regard to order. 

This problem may be easily solved by making use of the arithmetical triangle. Thus, 
for example, if there are eight things to be combined, three and three, wc must take 
the ninth vertical bund, or in all cases that band, the order of which is expressed by a 
number exceeding by unity the number of things to be combined ; then the fourth 
horizontal band, or that the order of which is greater by unity than the number of 
the things to be taken together, and in the common square of both will be found the 
number of the combinations required, which in the present example will be 56. 

But as an arithmetical triangle may not always be at band, or as the number of 
things to be combined may be too great to be found in such a table, the following 
simple method may be employed. 

The number of the things to be combined, and the manner in which they are to be 
taken, viz. two and two, or three and throe, &c., being given ; 

Ist. Form two arithmetical progressions, one in which the terms go on decreasing 
by unity, beginning with the given number of things to be combined ; and the other 
consisting of the series of the natural numbers I, 2, 3, 4, &c. 

2d. Then take from each as many terms as there are things to be arranged together 
in the proposed combination. 

3d. Multiply together the terms of the first progression, and do the same with 
those of the second. 

4th. In the last place, divide the first product by the second, and the quotient wiL 
be the number of the combinations required. 

I. In how many ways can 90 things he combined, taking them two and two f 

According to the above rule we must multiply 90 by 89, and divide the 
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product 8010 by tbc product of 1 and 2, tbat ii 2 ; tbo quotient 4005 will be the 
nuinber of the combinations resulting from 90 things, taken two and two. 

Should it be required, in how many ways the same things con be combined three 
and three, the problem njay be answered with equal ease ; for we have only to mul- 
tiply together 90, 89, 88, and to divide the product 704880 by that of the three num- 
bers 1, 2, 3; the quotient 117480 will be the number required. 

In like manner, it will be found that 90 things may be combined by four and four, 
2555190 ways ; for if the product of 90, 89, 88, and 87, be divided by 24, the product 
of I, 2, 3, 4, we shall have the above result. 

In the last place, if it be required, what number of combinations the same 90 
things, taken five and five, are susceptible of, it will be found, by following the rule, 
tbat the answer is 43949268. 

II.— Were it asked, how many conjunctions the seven planets could form with each 
other, two and two, we might reply 21 ; for, according to the general rule, if we mul- 
tiply 7 by 6, which will give 42, and divide that number by the product of 1 and 2, 
8hat is 2, the quotient will be 21. 

If we wished to know the number of all the conjuneiions possible of these seven 
planets, two and two, three and three, &c. ; by finding separately the number of the 
conjunctions two and two, then those of three and three, &c., and adding them 
together, it will be seen that they amount to 120. 

The same result might be obtained by adding the seven terms of the double geo- 
metrical progression 1,2, I, 8, 16, 32, 64, which will give 127. But from this nuin- 
her we must deduct 7, because when we speak of the conjunction of a planet, it is 
evident that two of them, at least, must be united ; and the number 127 compre- 
hends aU the ways in which seven things can be taken one and one, two and two, 
three and three, &c. In the present example, therefora, we must deduct the number 
of the things taken one and one ; for a single planet cannot form a conjunction. 


PROBLEM II. 

Any number of things being given ; to find in how many ways they can he arranged. 

This problem may be easily solved by following the method of induction ; for 

1st. One thing a can be arranged only in one way : in this case therefore the num- 
ber of arrangements is =: 1. 

2Qd. Two things may be arranged together two ways ; for with the letters a and h 
we can form the arrangements ab and 6a ; the number of arrangements therefore is 
equal to 2, or the product of 1 and 2. 

3rd. The arrangements of three things a, b, c, are in number six ; for ab can form 
with c, the third, three different ones, 6ac, 6ca, eba, and there can be no more. Hence 
it is evident that the required number is equal to the preceding multiplied by 3, or 
to the product of 1,2, 3. 

4th. If we add a fourth thing, for instance d, it is evident that, as each of the pre- 
ceding arrangements may be combined with this fourth thing four ways, the above 
number 6 must be multiplcd by 4 to obtain that of the arrangements resulting from 
four things ; that is to say, the number will be 24, or the product of 1, 2,3, 4. 

It is needless to enlarge farther on this subject ; for it may be easily seen that, 
whatever be the number of the things given, the number of the arrangements they 
are susceptible of may be found by multiplying together as many terms of the natural 
arithmetical progression as there are things proposed. 
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Remark.^Ut, It may tometimes happen that, of the things proposed, one of them 
is repeated, as a, a, 6, c. In this case, where two of the four things proposed are the 
same, it will be found that they are susceptible only of 12 arrangements instead of 
24 ; and that five, where two are the same, can form only €10, instead of 120. 

But if three of four things were the same, there would be only 4 combinations, in* 
stead of 24 ; and five things, if three of them were the same, would give only 20, in* 
stead of 120, or a sixth part. But as the arrangements of which two things are sus* 
cepiible amount to 2, and as those which can he formed with three things are 6, we 
may thence deduce the following rule : 

In any number of things, of which the different arrangements are required, if one 
of them be several times repeated, divide the number of arrangements, found accord- 
ing to, the general rule, by that of the arrangements which would be given by the 
things repeated, if they were different, and the quotient will be the number 
required. 

2nd. In the number of things, the different arrangements of which required, if 
there are several of them which occur several times, one twice for example, and 
another three times ; nothing will be necessary but to find the number of the arrange- 
ments according to the general rule, and then to divide it by the product of the 
numbers expressing the arrangements which each of the things repeated would be 
susceptible of, if instead of being the same, they were different. Thus, in the pre- 
sent case, as the things which occur twice would be susceptible of two arrangements 
if they were different ; and as those which occur thrice would, under the like circum- 
stances, give six ; we must multiply 6 by 2, and the product 12 will be the 
number by which that found according to the general rule ought to be divided. 
Thus, for example, the five letters a, a, 6, 6, 6, can be arranged only 10 different ways : 
for, if they were different, they would give 120 arrangements ; but as one of them 
occurs twice, and another thrice, 120 must be divided by the product of 2 and 6, or 
12, which will give 10. 

By observing the precepts given for the solution of this problem, the following 
questions may be resolved. 

1. — A club of seven persons agreed to dine together every day successively^ as long as they 

could sit down to table differently arranged. How many dinners would be necessary 

for that purpose f 

It may be easily found that the required number is 5040, which would require 13 
years and more than 9 months. 

II The different anagrams which can be formed with any word, may be fbund in 

like manner. Thus, for example, if it be required, bow many different words can be 
formed with the four letters of the word amor, which will give all the possible 
anagrams of it, we shall find that they amount to 24, or the continued product of 1, 

2, 3, 4. We shall here give them in their regular order. 


AMOR 

MORA 

ORAM 

RAMO 

AMRO 

MOAR 

ORMA 

RAOM 

AOMR 

MROA 

OARM 

RMAO 

AORM 

MRAO 

OAMR 

. RMOA 

ARMO 

MAOR 

OMR A 

ROAM 

AROM 

MARO 

OMAR 

ROMA 


Hence it appears that the Latin anagrams of the word amor, are in number seven, 
viz., Itoma,fnora,maro, oram, ramo, armo, orma. But in the proposed word, if one 
or more letters were repeated, it would be necessary to follow the precepts already 
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given. Thus, the word Leoftoldust where Ihe letter i end the letter o both occur 
twice* is susceptible of only 90720 diderent arrangements, or anagi'ams, instead of 
362880, which it would form, if none of the letters were repeated; for, according to 
the before-mentioned rule, we must divide this number by the pioduct of 2 by 2, or 
4, which will give 90720. 

The word Uudiosuh where the u occurs twice, and the t thrice, is susceptible of 
only 302 to arrangements ; for the arrangements of the 9 letters it contains, which 
are in number 362880, must be divided by the product of 2 and 6, or twelve, and the 
quotient will be 30240. 

In this manner may be found the number of all the possible anagrams of any word 
whatever ; but it must be observed that however few be the letters of which a 
word is composed, the number of the arrangements thence resulting will be so great 
as to require considerable labour to find them. 

111. — How many ways can the foUotoing verse he varied^ without destroying the 

measure : 

** Tot tibi sunt dotes, Vii^o, qnot sidera cselo V* 

This verse, the production of a devout Jesuit of Louvain, named Father Buiihuys, 
is celebrated on account of the great number of arrangements of which it is suscep- 
tible, without the laws of quantity being violated ; and various matbeinuticiaiis have 
exercised or amused themselves with finding out the number. Erycius Puteanus 
took the trouble to give an enumeration of them in forty-eight pages, making them 
amount to 1022, or the number of the stars comprehended in the catalogues of the 
ancient astronomers ; and he very devoutly observes, that the arrangements of these 
w'urds as much exceed the above number as the perfections of the Virgin exceed that 
of the stars.* 

Father Prestet, in the first edition of his Elements of the Mathematics, says that 
this verse is susceptible of 2196 variations ; but in the second edition he extends the 
number to 3276. 

Dr. Wallis, in the edition of his Algebra, printed at Oxford, in 1693, makes them 
amount to 3096. 

But none of them has exactly hit the truth, as has been remarked by James Ber- 
noulli, in his Ars Conjectandi. This author says, that the different combinations of 
the above verse, leaving out the spondees, and admitting those which have no 
caesura, amount exactly to 3312. The method by which the enumeration was made 
may be seen in the above work. 

The same question has been proposed respecting the following verse of Thomas 
Lansius : 

<< Man, mon, eon, lis, vis, styz, pus, nox, fox, mala cnix, fraiia.** 

It may be easily found, retaining the w'ord ma/a in the antcpenultimn place, in 
order to preserve the measure, that this verse is susceptible of 399168000 different 
arrangements. 


PROBLEM m. 

Of ihe combinations which may he formed with squaree divided by a diagonal into two 
differently coloured triangles. 

We are told by Father Sebastian Truchet, of the Royal Academy of Sciences, in 
a memoir printed among those of the year 1704, that having seen, during the course 
of a tour which he made to the canal of Orleans, some square porcelain tiles, divided 


* See alao Yoaaiai de Scieut. Math. cap. vii. 
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by a diagonal into two triangles of different colours, destined for paving a chapel 
and some apartments, he was induced to try in bow many different ways they could 
be joined side by side, in order to form different figures. In the first place, it may 
be readily seen that a single square, (Fig. 9.) according to its 
9. position can form four different figures, which however may 

-^2- be reduced to two, as there is no difference between the 

^^1 1^^ first and the third, or between the second and fourth, than 

mm 3 K — arises from the transposition of the shaded triangle 

into the place of the white one. 

Now, if two of these squares be combined together, the result will be 64 different 
ways of arrangement; for, in that of two squares, one of them may be made to 
assume four different situations, in each of which the other may be changed 16 
times. The result therefore will be 64 combinations. 

We must however observe, with Father Sebastian, that one half of these combi- 
nations are only a repetition of the other, in a contrary direction, which reduces 
them to 32 ; and if attention were not paid to situation, they might be reduced to 
10 . , 

In like manner, we might combine three, four, five, &c., squares together, and in 
that case it would be found, that three squares are capable of forming 128 figures ; 
that four could form 256, &c. 

The immense variety of compartments which arise, in this 
Fig. 1 0. manner, from so small a number of elements, is really astonish- 

■ ing. Father Sebastian gives thirty different kinds, selected from 
a hundred; and these even are only a very small part of those 
which might be formed. The annexed figure (10.) exhibits one 
of the most remarkable. 

In consequence of Father Sebastian’s memoir, Father Donat, 
one of his associates, was induced to pursue this subject still far- 
ther, and to publish, in the year 1722, a large work, in which 
it is considered in a different manner. It is entitled ** Methode pour faire une 
infinite de dessins differents, avec des carreaux mi-partis de deux couleurs par 
unc ligne diagoiiale ; ou. Observations du P. D. Donat, religieux Carme de la P. de 
T. bur iin Memoire insere dans PHist. de I’Acad. royale des Sciences de Paris, 


aiinee 1704, par le P» S. Truchet, religieux du mdme ordre.” Paris 1722, in 4to. In 
this work it may be seen that four squares, each divided into two triangles of different 
colours, repeated and changed in every manner possible, are capable of forming 256 
different figures ; and that these figures themselves, taken two and two, three and 
three, and so on, will form a prodigious multitude of compartments, engravings of 
which occupy the greater part of the book. 

It is rather surprising that this idea should have been so little employed in archi- 
tecture ; as it might furnish an inexhaustible source of variety in pavements, and other 
works of the like kind. However this may be, it forms the object of a pastime, called by 
the French Jeu du Parquet. The instrument employed for this pastime, consists of 
a small table, having a border lound it, and capable of receiving 64 or a hundred 
small squares, each divided into two triangles of different colours, with which people 
amuse themselves in endeavouring to form agreeable combinations. 
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CHAPTEIt IX. 

tit tBt imtim tt oommATitiiri to oAim tit cBAttis Aicti 

«ti mtAMimti. 

am iliti dftit mti Ibrtiitti lO |irovl|itif 

WdigtiBetdrpri^til^iityt an^ tidi ba» gim IkHIi tti a titiiiouji ktiMl of ihtiitti* 
tiiwtitititltil, tlltipriwilpki w^dt wti iball Wti titpliiB, 

Wket an arant ^ take glace didkreat yn^ It if evident likat tSm prebakiUt|r of 
Ha hastening in a tiertaln detertnitiate manner, will be greater wken, of the whole of 
the tira/f in which it can happen, the greater niunber determine it to happen in that 
manner. In a lottery, for example, every one knowa that the probability or hope of 
obtaining a prixe, ii greater according as the number oi prixes is greater, and as the 
total number of the tickets is less. The probability therefore of an event is in the 
compound ratio of the number of the cases which can produce it, taken directly, and 
of the total number of those according to which it may be varied, taken inversely ; 
consequently it may be expresaed by a fraction, bavmg for its numerator the number 
of the forourable cases, and for its denominator the whole of the cases.. 

Thus, in a lottery consisting of a thousand tickets, 25 of which only are prises, the 
chanee of obtaining one of the latter will be represented by^fb or b S if the num* 
ber of the prises were 50, this probalnlity would be double, ior in that ease it would 
be equal to b « on the other hand, if the whole number of ticketa, instead of a 
thousand, w^ere two thousand, the probability would be only one bidf of the former, 
that is A* If the whole number of tickets were intinitely great, the number of 
prizes still remainiiig the same, the probability would be infinitely small ; and if the 
whole number Cf tickets were prizes, it would become certainty, and in that case 
would be expressed by unity. 

Another principle of this theory, necessary to be here explained, the enunciation 
of which will be suflScient to shew the truth of it, is as follows : 

We play an equal game, when the money deposited is in direct proportion to the 
probal^ity of gaining the stake} for, to play an equal game, is nothing else than to 
deposit a sum so proportioned to the probability of winning, that, after a great nuro- 
ber of throws or games, the player may find himself neaily at par ; but for this purpose, 
the sums deposited must be proportioned to the degree of probability, which each of 
the players has in his fiivour. Let us suppose, for example, that A bets against B on a 
throw of the dice,and that the chances are two to one in favour of A; the game will be 
oqual if, after a great number of throws, the parties separate ncai*Iy*witbout8ny loss; 
butM there.are two chances in favour of A, and only one in fovour of B, after three 
hundred throws A will have gained nearly two hundred, and B one hundred ; A 
therefore ougbl to deposit two and B only one ; for by these means, as A in winning 
two hundred throws will gain 200, B in winning a hundred throws will gain 200 also. 

In such cases therefore, it is said that two to one may be betted in favour of A. 

PBOBLEM I. 

la toeiingf up, whtU probability is there of throwing a head emtarcd time eueeeeHvely, 
or a tail t or, in playing wUh eeveral piece*, what proAabiUtg U there that they will 
he oU head*, oralltaibf 

In this game it is evident, 1st, That as there is no reason why a head should come 
up rather than a tail, or a tml ratbtir than a head, the probability that one of the two 
will be the case is equal to i , or an equal bet may be taken for or against. 
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But if the game were for two throws, and any one should bet that a head will come 
up twice, it must be observed, that all the combinations of head or tail, which can 
take place in two successive throws with the same piece, are head^ head; head, tail ; 
tail, head; tail, tail; one of which only gives head. head. There is therefore only 
one case in four which can make the person win who bets to throw a head twice in 
succession ; consequently the probability of this event is only ^ ; and he who 
bets in favour of two heads, ought to deposit a crown, and the person who bets against 
him ought to deposit three ; for the latter has three chances of winning, while the 
former has only one. To play an equal game then, the sums deposited by each 
ought to be in this proportion. ' 

It will be found also, that he who beta to throw a head three times in succession, 
will have in his favour only one of the eight combinations of head and tail, which may 
result from three throws of the same piece. The probability of this event there- 
fore is J, while that in favour of his adversary will be Consequently, to play an 
equal game, he ought to stake 1 against 7. 

It is needless to go over all the other cases ; for it may be easily seen, that the 
probability of throwing a head four times successively is ^ ; live times successively, 

&c. 

It is unnecessary also to enumerate all the different combinations which may result 
from head or tail; but in regard to probabilities, the following simple rule may be 
employed. 

The probabilities of two or more single events being known, the probability of 
their taking place altogether may be found, by multiplying together the probabilities 
of these events, considered singly. 

Thus the probability of throwing a head, considered singly, being expressed at each 
throw by that of throwing it twice in succession, will be J X } or j ; that 
of throwing it three times, and three successive throws, will be J X 1 X J, or 
g, &c. 

2d. The problem, to determine the probability of throwing, with two, three, or 
four pieces, all heads or all tads, may be resolved by the same means. When two 
pieces are tossed up, there are four combinations of head and tail, one of which only 
is all heads. When three pieces are tossed up together, there are 8, one of which 
only gives all heads, Sfc. The probabilities of these cases therefore are the same as 
those of the cases similar to them, which we have already examined. 

It may be easily seen indeed, without the help of analysis, that these two questions 
are absolutely the same ; and the following mode of reasoning may be employed to 
prove it. To toss up the two pieces A and B together, or to toss them up in suc- 
cession, giving time to A, the first, to settle before the other is tossed up, is certainly 
the same thing. Let us suppose then, that when A, the first, has settled, instead of 
tossing up B, the second, A the first is taken from the ground, in order to be tossed 
up a second time ; this will be the same thing as if the piece B had been employed 
for a second toss ; for by the supposition they are both equal and similar, at least 
in regard to the chance whether head or tail will ^ome up. Consequently, to toss 
up the two pieces A and B, or to toss up twice in succession the piece A, is the same 
thing. Therefore, &c. 

3d. We shall now propose the following question: What may a person bet, that 
in two throws a head will come up at least once ? By the above method it will he 
found, that the chances are 3 to 1. In two throws, indeed, there are four combina- 
tions, three of which give at least a head once in the two throws, and one only which 
gives all tails ; hence it follows, that there are three combinations in favour of the 
person who bets to bring a head once in two throws, and only one against him. 
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PROBLEM II. 

Any number of dice being given ; to determine what probability there is of throwing an 
assigned number of points. 

We shall first suppose that the dice are of the ordinary kind, that is to say, having 
six faces, marked with the nuuibcrs 1, 2,.3, 4, 5, 0; and we shall analyse some of the 
first cases of the problem, in order that we may proceed gradually to those that are 
moie complex. 

Ist. It is proposed to throw a determinate points G for example, with one die. 

Here it ib evident, that as the die has six faces, one ot which only is marked G, and 
as any one ot them may as readily come upas another, there are 5 chances against the 
person who proposes to throw a six at one throw, and only one in his favour. 

2d. het it be proposed to throw the same point G with two dice. 

To analyse this case, we must first observe that two dice give 36 different combi- 
nations; for each of the faces of the die for example, may be combined with each 
of those of the die B, which will produce 30 combinations. But six may be thrown, 
1st, by 3 and 3 ; 2d, by 2 with the die A, and 4 with the die B, which, as may he 
readily seen, forms two distinct cases : 3d, by 1 with the die A, and 5 with the die B, 
or 1 with B and 5 with A, which also gi»'es two cases; and these aiv all that are 
possible. Hence there are 5 favourable chances in 30; consequently the probability 
of throwing G with two dies is /g, and that of not throwing it is This therefore 
ought to be the ratio of the stakes or money deposited by the players. 

By analysing the other cases, it will be found that, of throwing two with two dice, 
there is one chance in 3G ; of throwing three, there are 2 ; of throwing four, 3; 
of throwing five, 4 ; of throwing six, 5 ; of throwing seven, G ; of throwing eight, 5 ; 
of throwing nine, 4; of throwing ten, 3: of throwing eleven, 2; and of throwing 
sixes, 1. 

If three dice were proposed, with which it is evident the lowest point would be 
three, and the highest eighteen, it will be found, by means of a similar analysis, that 
in 21G, the whole number of the thrown possible with three dice, there is 1 chance of 
throwing three ; 3 of thro wing four ; G of throwing five, &c. : as may he seen in the 
annexed table, the use of which is as follows. 

If it be lequircd, for example, to find in how many ways 13 can be thrown with 
three dice, we must look in the first vertical column, on the left, for the number 13, 
and at the top of the table for 3, the number of the dice ; and in the square below, 
opposite to 13, will be found 21, the number of ways in which 13 may be thrown 
with three dice. In like manner, it will be found, that with 4 dice, it may he thrown 
140 ways ; with five dice, 420 ; &c. 
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Table of the different ways in which any point can be thrown with one^ twOy threcy 

or more dice. 





I 

Number of the Dice. 

II III IV V 

VI 


1 

1 

1 1 1 



2 

1 

I i 1 1 



3 

1 

1 ^ 

1 1 


n 



4 

1 

1 

1 3 

1 1 




5 

1 

1 ^ 

1 G 

1 4 

1 1 



« 

1 

1 

1 IG 

1 IG 

1 5 

1 


TJ 


1 G 

1 L'> 

I 20 

1 L') 

G 


8 



1 5 

1 

I 35 

1 35 

21 

V) 

1 <) 



1 4 

1 25 

1 5(i 

1 70 

.56 

c 

'o 

1 

' 


1 3 

1 **^7 

1 80 

1 12G 

126 


11 



1 2 

\ ^7 

J04 

1 205 ( 

252 

‘o 

12 



1 

1 

12.5 

1 .105 1 

4.)(i 

1 1 

13 

( 

1 


1 ai 

140 

1426 1 

“756' 

1 1 

14 


1 


1 15 1 ]4(i 

|.546 1 

llCl ' 


15 


1 


16 ( 

140 

(65/ ( 

IGGG 


16 


1 


0 1 

125 

7.-» 1 

2247' 


17 


1 


3 1 

104 

r7w r 

2H5() 


18 


1 


1 1 

80 

1 780 f 

3431 


19 


1 


1 

5G 

7J15 1 3{K)G 


20 

1 


1 35 

6,51 1 4221 


21 

1 


1 -20 

540 1 4332 


22 1 1 


1 

10 

“420 1 4221 


•J3 


1 


1 

4 

305 1 3tX)G 


‘M 


1 


1 

1 

205 1 3431 


25 


1 


1 


12G 1 2H5G 


When it is once known how many ways a point can be thrown with a certain 
numbei of dice, the probability of throwing: it may be easily found : nothing is ne- 
eebsary but to form a fraction, having for its numerator the number of ways in which 
the point can he thrown, and for denominator the number G, raised to that power 
indicated hy the number of dice; us the cube of G, or 21 G, for three dire; the hi- 
quadrate, or 129G, for four dice ; 8.c. 

Thus, the probability of throwing 13 with three dice, is of throwing it with 
four, ; &C. 

Various other questions may be proposed concerning the throwing of dice, a few 
of which we shall here examine. 

1st. When two players are enyaged ; to determine the advantage or disadvantage of 
the person wKo undertakes to throw a certain face, that foi example marked G, in 
a certain number of tJu ows. 

Let us suppose that he undertakes it at one throw : to find the probability of his 
succeeding, it must be considered, that he who holds the die has only one chance of 
winning, and five of losing ; consequently to undertake it at one throw, he ought to 
stake no more than one to five. There is therefore a great disadvantage in under- 
taking, on an even bet, to throw six at a single throw of one die. 

To determine the probability of throwing the face mai ked C in two throws with a 
single die, we must observe, as has been already said, in regard to tossing up, that 

B 2 
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this is the same thing as to undertake, in throwing two dice together, that one of them 
shall have the side marked 6 uppermost. He then who holds the dice has only 1 1 
chances, or combinations, by which he can win ; for he may throw 6 with the lirst 
die, and 1, 2, 3, 4, or 5 with the second ; or 6 with the second die, and 1 , 2, 3, 4, or 5 
with the first, or 6 with each die. But there are 25 combinations or chances unfa- 
YOurable to his winning, as may be seen in the following table : 


1 , 1 
1 . 2 
1, 3 


2 . 1 
2 , 2 
2, 3 

2. 4 

2 . 5 


3, 1 
8 , 2 
3, 3 
8, 4 
3, 5 


4. 1 
4, 2 
4. 3 
4, 4 
4. 5 


5. I 
5, 2 
5, 3 
5, 4 
5, 5 


Hence it may be concluded, that he who undertakes to throw a G with two dice, 
ought to stake no more than 11 to 25; and consequently, that it would be disadvan- 
tageous to do it on equal terms. 

It must here be observed that 36, the number of all the chances or combinations 
possible in two throws of the dice, is the square of 6, which is the number of the 
faces of one die ; and that 25, the number of the chances unfavourable to the person 
who undertakes to throw a determinate face, is the square of 5, or of 1 less than the 
same number 6. The number of the favourable chances therefore, in this case, is 
equal to the difference of the squares 36 and 25, or of the square of the number of 
the faces of one die, and of that of the faces of the same die less one. 

In the case of undertaking to bring a 6 in three throws with one die, we must 
consider, in like manner, that this is the same thing as to undertake that, in thi owing 
three dice at once, one of them shall bring a 6 ; but of the 216 combinations, which 
result from three dice, there are 125 without a 6, and 91 among which there is at 
least one 6 ; consequently, he who engages to throw a 6, either in three throws with 
one die, or one throw with three dice, ought to bet no more than 91 to 125 ; and it 
would be disadvantageous to undertake it on equal terms. 

It is here to be observed, that the number 91 is the difference of the cube of the 
number of the faces of one die, viz. 216, and of 125, the cube of the same number 
less unity, or of 5. Hence it appears that, in general, to find the probability of 
throwing a determinate face, in a certain number of throws, or at one throw with a 
certain number of dice, we must raise 6, the number of the faces of one die, to that 
power which is indicated by the number of throws agreed on, or by the number of 
dice to be thrown at one time ; we must then raise 6 less unity, or 5, to the same 
power, and subtract it from the former ; the remainder with this power of 5 will be 
the respective number of chances for winning or losing. 

Thus, if a person should bet to throw at least one 3 with four dice, we must raise 
6 to the 4th power, which is 1296, and subtract from it the fourth power of 5, or 
625; the remainder 67 J will be the number of chances for winning, and 025 that of 
the chances of losing; consequently there will be an advantage in laying an even 
bet. 

It is advantageous also to undertake, on an even bet, to throw any determinate 
point, for example 3, in five throws, or with Ore dice ; for if from the 5th power of 
6, which is 7776, we deduct the 5th power of 5, or 3125, the remainder 4651 will 
be the number of favourable chances, and 3125 that of the unfavourable. Conse- 
quently, to play an equal game, he who bets on throwing the above point, ought to 
deposit 4651 to 3125, or nearly 3 to 2. 

2d. In how many throws may one bet, on equal terms, to throw a determinate doublet, 
for example sixes, with two dice ? 

It has been already shewn, that the probability of not throwing sixes with two 
two dice, is ^ j consequently the probability of their not coming up in two throws, 
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will be the square of that fraction ; in three throws, the cube, &c. But as the 
powers of every number greater than unity, however small the excess, go on always 
increasing, those of a number less than unity, however small the defect, go on always 
decreasing: the consecutive powers therefore of will go on always decreasing. 
Now let us conceive to be raised to such a power as to be equal to J ; it will be 
found that the 24th power of is somewhat greater than } ; and that the 25th 
power is somewhat less ;* hence it follows that one may lay an even bet with some 
advantage, that another will not bring sixes in 24 throws with two dice, but that 
there is some disadvantage in taking an even bet that they will not come up in 25 
throws. Consequently, he who bets on throwing sixes in 24 throws, does so with 
disadvantage ; but if he lays an even bet that they will come up in 25 throws, the 
advantage is in his fevour. • 

3d. What probability U there of throwing any determinate doublet, for example two 
threes, in one throw with two or more dice f 
To determine this question, we must first observe, that he who undertakes to 
throw two threes with two dice, has only one favourable chance, in the 36 chances 
or combinations given by two dice ; and it thence follows that he ought to bet no 
more than I to 35. 

In the case of three dice, it will be found that he ought to bet no more than 16 to 
200; for the number of chances or combinations possible with three dice is 216. 
But when it is proposed to throw two threes with three dice, they may come up 16 
diffei ent ways ; for in the 36 combinations of the two dice A and B, all those in 
which one 3 only is found, as 1, 3; 3, 1, &c., being 10 in number, by combining with 
the side marked 3 of the die C, give two threes. Besides the combination 3, 3 of 
the dice A and B, by combining with ope of the six faces of the third C, will give 
two threes. Hero then w'C have 16 ways of throwing tw'o threes with three dice, 
which give 16 favourable chances in 216. Consequently, the probability of throwing 
two threes with three dice is ; ^and no more ought to be betted on the success 
of that event than 16 to 200, or 2 to 25, 

If the probability of thiownng two threes with four dice be required, we shall find 
that it is expressed by ; for, of I he 1296 combinations of the faces of four dice, there 
are 150 which give two threes, 20 that give 3, and one that gives 4, making altogether 
171 throws, which give 2 or 3 or 4 threes. (.Consequently, no more than 171 to 1 125, 
or about 1 to 6g, ought to be betted on throwing, at least, once thicos with four dice. 

In the last place, if the probability of throwing any doublet, at one throw, with 
two or more dice, be required, it may be easily determined by the preceding method 
of calculation ; for if an indeterminate doublet be proposed, it is evident that the 
probability is six times as great as when an assigned doublet is proposed ; and there- 
fore we have only to multiply the probabilities already found by 6. The probability 
therefore with two dice, will be or ^ ; w'ith three dice, jfg or | ; with four dice, 
or &c. So that there is an advantage in taking an even bet to throw at least 
ono doublet with four dice. * 

This property is not true when the number of dice exceeds three. The probability 
of an assigned doublet with four dice is 7^^^, which multiplied by 6, and added to the 

* Let n be the exponent of that power of which is equal to J ; that is to say, let 
be equal to J. As the unknown quantity n is in the exponent, it must be disen- 
gaged from it, which may be done by means of logarithms. For = 4, by taking 

36 ^ 

the logarithms we shall have n log. 36 — n log. 36 == log. or = — log. 2 ; for log. 

i = — log. 2. Hence n log. 35 — n log. 36 = — log. 2, or log. 2 = n log. 36 — n 

log. 36. Therefore, n =; . Which gives n =: 24*606, or 24A 

log. 36 — log. 36 » TO 

ncdily. 
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probability of a different face coming up with each die, viz. to |X | X J X |or^, 
gives |||{, being 90 chances more than there is in all the four dice, which is im- 
possible. 

The probability of an assigned doublet with four dice, viz. includes the pro- 
bability of some other doublet ; for aces, twos, or any other doublet may turn up at 
the same throw, which cannot happen with two dice or with three; so that the 
multiplier G will not answer to the probability of an indeterminate doublet, when 
there are more than three dice. 

Ill such cases it is the safest and easiest way to find the probability of the reverse 
problem— -of not throwing doublets— and then subtracting that probability from 
unity or certainty, the remainder is the probability for doublets. 

• 

PROBLEM m. 

Two persons sit down to play for a certain sum of money ; and agree that he who first 
gets three games shall be the winner. One of them has got two games, and the other 
one ; hut being unwilling to continue their play, they resolve to divide the stake : how 
much of it ought each person to receive f * 

This problem is one of the first that engaged the attention of Pascal, when he 
began to study the calculation of probabilities. It was resolved by Fermat, a cele- 
brated geometrician, to whom he proposed it, by a different method, viz. that of com- 
binations : we shall here give both. 

It is evident that each of the players, in depositing his money, resigns all right to 
.it j but, iu return, each has a right to what chance may give him ; consequently when 
they give over jdaying, the stake ought to be divided in proportion to the probability 
each had of winning tlie whole sum had they continued. 

Case 1 ht. This proportion may be detci mined by the following reasoning. Since t he 
first player wants one game to be out, and the second two, it may be readily perceived, 
that if they continue their play, and if the second should win one game, he would 
W'ant, in the same manner as the first, one game to be out ; and in that case, the two 
players being equally advanced, tlieir hopes or chances of winning would he equal. 
This being supposed, they would have an equal right to the stake, and consequently 
each ought to have an equal share of it. 

It is evident therefore, that if the first should win the game about to be played, 
the whole money deposited would belong to him ; and that if he lost it he would 
have a right only to the half. But the one case being as probable as the other, the 
first has a right* to the half of both these sums taken together. But together they 
make J, the half of which is J ; and this is the share of the stake belonging to the 
first play(*r ; consequently that belonging to the second is only -j. 

Case 2nd. The solution of the first case will enable us to solve the second, in 
which we suppose that the first player^wants one game to be out, and the second 
three ; for if the fiist should win one g'arae, he would be entitled to the whole stake, 
and if he lost one game, by which means the second would want only two games to 
be out, j of the money would belong to the former, as the parties would then be in 
the situation alluded to in the preceding case. But as both these events arc equally 
probable, the first ought to have half of the two sums taken together, or the 
half of J, that is J: the remainder ^ will therefore he what belongs to the second. 

Case 3rd. It will be found, by the like reasoning, if we suppose two games wanting 
to the first player, and three to the second, that on ceasing to play, they ought to 
divide the slake in such a manner that the former may have jj and the latter 

Case 4th. If four games were to be played, and if the first wanted only two 
games, and the second four, the money ought to be divided in such a manner that the 
former should have \l and the latter fg. 
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But we may dispense with the above reasoning, and employ the following general 
rule, deduced from it, which is to be applied by means of the arithmetical tiiangle. 
Enter that diagonal of the arithmetical triangle, .the order of which is equal to the 
number of the games wanting to both players. As this number in the first case is 
3, we must enter the third diagonal of the triangle j then because the first player 
wants only one game, we must take the first number of that diagonal ; but because 
two are wanting to the second, we must take the sum of the two first numbers, 
\vhicb will give 3. These two numbers therefore, 1 and 3, will indicate, that the 
stake ought to be divided in the same proportion: consequently the first player 
ought to have and the second 

As this rule may be easily applied to every other case whatever, we shall enlarge 
DO farther on the subject. 

The 8econ*d method of resolving problems of this kind, which is that of combina- 
tions, is as follows : * 

To resolve, for example, the fourth case, where, according to the supposition, the 
first player wants two games to be out, and the second four, so that together they, 
want SIX games; take unity from that sura, and because 5 remain, we shall suppose 
the five similar letters a a a a favourable to the first player, and the five following, 
hhhhhi favourable to the second. These letters must be combined, as in the fol- 
lowing table, where, of the 32 combinations which they form, the first 26, io wards 
the left, where a occuis at least twice, will indicate the number of chances which 
the first has of winning; and the last 6, towards the right, in which a never occurs 
oftener than once, will indicate those favourable to the second. 
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The expectation therefore of the fir.st player, will be to that of the second, as 20 
to 0, or as 13 to 3. 

In like manner, to resolve the case where the first player is supposed to have'Nvon 
three games, and the other none, as be must win who fiist gets four games, the num- 
her of the games wanting to both will be 5, which being diminished by unity, will 
give 4. We must then examine in how many diflferent ways the letters a and b can 
be combined four and four, which will Jie found to be 16, viz. : 


a aa a 

a abb 

ah b b 

a a ah 

ah a b 

h a b b 

aab a 

b a a b 

b b a b 

a b a a 

abba 

bbhi 

b a a a 

baba 
b b a a 



But, of these 16 combinations, it is evident there are 15 where a is found at least 
once ; which indicates that there are 15 combinations or chances favourable to the 
first player, and one favourable to the second. Consequently they ought to divide 
the stake in the ratio of 15 to 1, or the former ought to have of it, and the 
latter 
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PROBLEM IT. 

Of the Genotse Lottery, 

All peraoTia are acquainted with the nature of lotteries, a kind of institution which 
originated in Italy, and which was afterwards introduced into other countries of 
Europe. It took its rise at Genoa, where it had long been customary to choose 
annually by ballot five members of the senate, which was composed of 90 persons, 
in order to form a particular council. Some idle persons took this opportunity of 
laying bets, that the lot would fall on such or such senators. The government then 
seeing with what eagerness people interested themselves in these bets, conceived the 
idea of establishing a lottery on the same principle ; which was attended with so 
great success, that all the cities of Italy wished to participate in it, and sent large 
sums of money to Genoa for that purpose. The same motive, and that no doubt of 
increasing the revenues of the church, induced the pope to establish one of the same 
kind at Rome, the inhabitants of which became so fond of this species of gambling, 
that they often deprived themselves and their families of the necessaries of life, that 
they might have money to lay out in the lottery. Many of them also indulged in 
every kind of foolery that credulity or superstition could inspire, in order to obtain 
fortunate numbers. 

The analysis of this kind of lottery is reduced to the solution of the following 
problem. 

Ninety numbers being given, five of which are to be drawn by chance ; it is required 
to determine what probability there is that among these five, there will be one, two, 
three, four, or five numbers, which any one has chosen from among the 90? 

It may be readily seen, that if one determinate number only were proposed, and that 
if no more than one number were to be drawn from the wheel, the adventurer would 
have only one favourable chance in the 90 ; but as live numbers are drawn from the 
wheel, this quintuples the chance favourable to the adventurer, so that he has live 
favourable chances in the ninety. Ills probability therefore of winning, is ^ ; and, 
to play an equal game, the stakes ought to be in the same ratio, or, what amounts to 
the same thing, the proprietor of the lottery ought to reimburse the price of the ticket 
18 times. 

To determine what probability there is, that two numbers selected will both come 
up, we must first find how many combinations may be produced by 90 numbers, 
taken two and two. In treating on combinations we have already shewn, that in 
thistcasc they amount to 4005 ; but as five numbers are drawn from the wheel, 
and as these five numbers, combined together two and two, give 10 twos, it thence 
results that, in these 4005 chances, there are only 10 favourable to the adventurer. 
The probability therefore, that the two numbers selected may be among those drawn 

10 1 

from the wheel, will be expressed by For this reason the proprietor 

of the lottery ought to give the adventurer, in case he should win, 400J times the 
price of the ticket. 

To determine what probability there is, that three numbers selected will come up 
among the five drawn from the wheel, we must find how many ways 90 numbers can 
be combined three and three, or how many threes they make. These combinations 
amount to 117480 ; but as the five numbers drawn from the wheel form 10 threes, the 
adventurer has 10 favourable chances in 117480, and the probability in his favour is 
ttWbo O'" TThs- To risk his money therefore on equal terms, the prize ought to be 
1 times the price of the ticket. 

In the last place, it will be found that in 51 1038 chances, there is only one favour- 
able to the person who should bet that 4 determinate numbers will come up ; and 1 
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in 439492^ favourable to the person who should bet that five determinate numbera 
will be the five drawn; consequently, in the last case, to risk his money on equid 
terms, according to mathematical strictness, the adventurer, should he be successful, 
ought to receive nearly 44 millions of times the money which he lays out. 

PBOBLEH V. 

’ A and B playing at piquet : A is flret in htnd^and hae no aee: what probability ii 
there that he will get one, or two, or three, or four f 

It is well known that Ft this game 12 cards are dealt to each of the players, 
and that 8 remain in the pack, of which the first takes 5, and the last 3. This being 
premised, it will be found that A’s chance to have any one ace is . . •HI 


to have two ...» 

to have three • • - a 

to have four sb 


the sum of all these is which is equal to 
Hence it follows, that the probability of bis having an ace among the five cards he 
has to take in, is the diflference between which numbers is 71, so that one may 
bet 252 to 71 that A will take in some of the aces. But let us suppose that A is last 
in hand ; in that case it is required how much he may bet that he will have at least 


one ace among his three cards ? 

The probability of A having an ace among his three cards is , • A Of 

of having two it is 5 % 

of having three . • ab 

the sum of all which is or 


Consequently, the probability that he will have either one, or two, or three in- 
determinately, is If. A may therefore take an equal bet with advantage, that he will 
have one of the aces, for the ratio of the stakes would be 29 to 28. 

PROBLEM VI. 

At the game of whist, what probability is there, that the four honours will not be in the 
hands of any two partnei’S f 

Be Moivre, in his Doctrine of Chances, shews that the chance is nearly 27 to 2 that 
the partners, one of whom deals, will not have the four honours. 

That it is about 23 to 1 that the other two partners will not have them. 

That it is nearly 8 to 1 that they will not be found on any one side. 

That one may bet about 13 to 7, without disadvantage, that the partners who are 
first in hand will not count honours. 

That about 20 to 7 may be betted, that the other two will not count them. 

And, in the last place, that it is 25 to 16, that one of the two sides will count 
honours, or that they will not be equally divided. 

PROBLEM vn. 

Of the game of the American Savages. 

We are told by Beron de la Hontan, in his Voyages en Canada, that the Indians 
play at the following game ; they have 8 nuts, black on the one side, and white 
on the other: these they throw into the air, and if it happens, when they fall 
to the ground, that the black are odd, the player wins the stake ; if they are all 
black, or all white, he wins the double ; but if there are an equal nunlber of each, be 
loses. 

M. de Montmort, who analysed this game, finds, that he who tosses up the nuts, has 
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an advantage, which may be estimated at ; and that to render the game equal, 
he ought to deposit 22 when his adversary staked 21. 

PROBLEM vni. 

Of the game of Backgammon. 

The game of backgammon is one of those where the spirit of combination is 
displayed in a very striking manner, and where it is of great utility to know, at every 
throw, what may be hoped or feared from the succeeding throws, whether ^our own 
or those of your adversary. The chances in this game, lite those in others^ may he 
appreciated mathematically ; but we shall here confine ourselves to a small number 
of examples, selected from those easiest to be comprehended. 

I. A, being at play at backgammon, ts obliged to make a blot ; now his throw is suck, 
that he can make U either where his adversary B may take it up with a single ace, or 
where he can take it vp by throwing seven in any manner : the question is, where should 
he make the blot ? 

As the number of chances for throwing one ace or more, is Jl, and the number of 
chances for throwing seven in any manner, are but 6, it will be safest to make the 
blot where it may be taken up b> throwing 7- 

II. Whfthcr it is sa fer to make a blot, at backgammon, where it may he taken up hy an 
acc^ or where it may ht taken up hy a tref 

The number* of chances for throwing one ace or more, and those for throwing one 
tre or inoic, arc each 11 ; but there are 2 chances for throwing deux acc, or 3; it 
will therefore be safer to make the blot where it can he taken tip only hy an acc. 

The following tabic will shew the chances of taking up a single blot however 
situated. 


No. of 
points 
to hit. 

Chances. 

Total 

chances. 

1 

11 

11 

2 

11 + 1 

12 

3 

1 ll-f2 I 

13 

'4 

! 11+3 1 

r 14 

5 

11+4 1 

1 15 

6 

1 ll+fi 1 

1 ■ 10 


No. of 
points 
to hit. 
“'“7 ■ 

Cliances. 

Total 

chances. 


0 


5 

5 

1 

4 

4 

10 1 

3 

3" 

11 1 

1 ‘2 

2 

12 

1 » 

] 


Hence, if a blot is liable to he hit by any one face of the die, the mean pro- 
bability of hitting it will be nearly. 

HI. If two blots be made at backgammon, so as to he hit hy two different faces of the 
die, what is the probability of hitting one or both of them ? 

By the first table it will appear, that the probability of throwing one or more, of any 
two given faces, is §g. But besides this, one or both the blots may be at length 
hit by the two dice, and the probability in this case will be different, according 
to the number of points that will hit tiiem, as in the following table : 
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Faces 
to hit. 

Chances. 

Total 

chances. 

1.2 

20+1 

21 

1.3 

20 + 2 

22 

1.4 

20 -f- 3 

23 

J.5 

20 + 4 

24 

1.0” 

20+5 

25 

2.3 

20+1+2 

23 

2.4 

20 + i + ;i 

24 

2.5 1 

20+1+4] 

25 


Faces 
to hit. 
2.6 
3.4 

Chances. 

Total 

chances 

"26“"“ 

20+1+5 
20 + 2 + 3 

3.5 

^ + 2 + 4 

26 

3.6 1 

20 + 2 + 5 

1 27 

4.5 j 

20 + 3+4 

1 27 

4.6 , 

[20 + 3 + 5 , 

1 28 

5.6 1 

1 20 + 4 + 5“ j 

29 ■ " 

1 

1 1 


Jlenre tbe probability of hitting two such blots, vnll be at a medium 
+29 _ 

2 X 36 

IV. If there he three blots, so situate as to he kit by three different faces ; the pro- 
habiJity o f hitting one or more of them is required ? 

The first table will pvc the probability of bitting one or more of the blots with a 
single face or faces; but besides this, there will be the probability of hitting one or 
more of tbe blots vvith two dice, the least of which will be when the given faces are 1, 
2, 3, which have 1 -f- 2 = 3 such chances, and the greatest when tlie given faces are 
4, .b, 6, which have 3 5 = 12 such chances; the medium of these, viz. 

3 -L 1 2 

— 2 — ~ added to 27, will make the whole probability about 27 + 


= which divided by the common denominator 3(5, becomes = 

Hence, if a player at backgainmon makes 3 blots, which are severally within the 
reach of being hit by a single face of the die, it is almost a certainty that one of them 
at lca«>t will be hit. 


PROm.EM IX. 

A mnuntehank at a country fair amused the populace with the following game : he had 
6 dice, each of which wat marked only on one face, the first with J , the second with 
2, and so on to the sixth, which was marked (5; the person who played gave him a 
certain sum of money, and he engaged to return it a hundred-fold, if in throwing 
these SIX dice, the six marked faces should come up only once in 20 throws. If the 
adventurer lost, the mountebank offered a new chance on the following conditions .• to 
deposit a sum equal to the former, and to receive both the stakes in case he should 
bring all the blank faces in 3 successive throws. 

Those unacquainted with the method to be pursued in order to resolve such pro- 
blems, are liable to reason in an erroneous manner on dice of this kind ; for observing 
that there arc five times as many blank as marked faces, they thence conclude that 
it is 5 to 1 that the person who throws them will not bring any point. They are 
however mistaken, as the probability, on the contrary, is near 2 to 1 that they will 
not come up all blanks. 

If we take only one die, it is evident that it is 5 to 1 that the person who holds it 
will throw a blank ; but if we add a second die, it may be readily seen, that the 
marked face of the first may combine with each of the blank faces of tbe second, and 
the marked face of the second with each of the blank faces of the first ; and, in the 
last place, the marked face of the one with the marked face of the other ; consequently, 
of 36 combinations of the faces of these two dice, there are 11 in which there is at 
least one marked face. But, as we have already observed, this number 11 is the 

7 




60 


AUITHMBTIC. 


difference of tbe square of 6, the number of the faces of one die, and of the square of 
the same number diminished by unity, that is to say of 5. 

If a third die be added, we shall find, by the like analysis, that of the 216 combine^ 
tions of three dice, there are 91 in which there is at least one marked face ; and 91 
is the difference of the cube of 6 or 216, and the cube of 5 or 125 ; the result will be 
the same in regard to the more complex cases ; and hence we may conclude that, of 
the 46656 combinations of the faces of the 6 dice in question, there will be 31031 in 
which there is at least one marked face, and 15625 in which all the faces are blank ; 
consequently the chance is 2 to 1 that some point at least will be thrown ; whereas, 
by the above reasoning, it would appear that 5 to 1 might be betted on the contrary 
being the case. 

This example may serve to shew how diffident we ought to be in regard to the 
ideas which occur on the first consideration of subjects of this kind ; and it may be 
added that, in this case, our reasoning is confirmed by experience. But to return to 
the problem ; it is evident that, of the 46656 combinations of the faces of 6 dice, 
there is only one which gives the 6 marked ikees uppermost ; the probability there- 
fore of throwing them at one throw, is expressed by ; and as the adventurer was 
allowed 20 throws, the probability of his succeeding was only which is nearly 
equal to ^^ 3 ^. To play an equal game therefore, the mountebank should have en- 
gaged to return 2382 times the money. But he offered only 100 times the stake, that 
is, about the 23d part of what he ought to have offered, to give an equal chance, and 
consequently he had an advantage of 22 to 1. 

The chance offered to those who might lose was a mere deception ; for the proposer 
artfully availed himself of that propensity which every man, who had not sufficiently 
examined the subject, would have to adopt the false reasoning above mentioned ; and 
the adventurei*would have tbe less hesitation to accept the offer as it would seem 
that he might bet 5 to 1 on bringing blanks every throw ; whereas it is 2 to 1 that 
the contrary will happen. But tbe chance of not bringing blanks in one throw, being 
to that of bringing them, as 2 to 1 ; it thence follows, that the probability of not 
bringing them three times successively, is to that of bringing them, as 8 to 1. To 
play an equal game therefore, the mountebank ought to have staked 7 to 1 ; conse- 
quently, in the chance which be gave to the loser, in a game where he had an ad- 
vantage of 22 to 1, he had still an advantage of 7 to 1. 


PROBLEM X. 

In how many throws with six dice, marked on all their faces^ may a person engage^ for 
an even bet, to throw 1, 2, 3, 4, 5, 6. 

We have just seen that there are 46655 chances to 1, that a person will not throw 
these 6 points with dice marked only on one of their faces ; but the case is very 
different with 6 dice marked on all their faces; and to prove it, we need only observe 
that the point 1, for example, may be thrown by each of the dice, as well as the 
2, 3, &c. ; which renders the probability of these six points, 1, 2, 3, &c. coming up, 
much greater. * 

But to analyse the problem more accurately, we shall observe, that there are 2 
ways of throwing 1, 2, with two dice ; viz. 1 with the die a, and 2 with the die b ; 
or ] with the die B, and 2 with a, If it were proposed to throw 1, 2, 3 with 3 dice ; 
of the whole of the combinations of the faces of 3 dice, there are 6 which give the 
points 1, 2, 3; for 1 may be thrown with tbe die a, 2 with b, and 3 with c; or 1 
with A, 2 with c, and 3 with b ; or 1 with b, 2 with A, and 3 with c ; or 1 with b, 
2 with c, and 3 with A ; or 1 with c, 2 with A, and 3 with b ; or 1 with c, 2 with 
B, and 3 with a. 
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It hence appears that, to find the number of ways in which 1, 2, 3 can be thrown 
with 3 dice, 1, 2, 3 must be multiplied together. In like manner, to find the number 
of ways in which 1, 2, 3, 4 can be thrown with 4 dice, we must multiply together 1, 
2, 3, 4, which will give 24 ; and, in the last place, to find in how many ways 1, 2, 8,. 
4,' 5, 6 can be thrown with 6 dice, we must multiply together these six numbers, the 
product of which will be 720. 

If the number 46656, which is the combinations of the faces of 6 dice, be divided 
by 720, we shall have 64^ for the chances to 1, that these points will not come up at 
one throw ; consequently a person may undertake, for an even bet, to bring them in 
65 throws; and one may bet more than 2 tq 1 that they will come up in 130 throws. 
In the last place, as the dice may be thrown 130 times and more, in a quarter of an 
hour, a person may with advantage bet more than 2 to 1, that they will come up in 
the course of that time. 

He therefore who engages, for an even bet, to throw these points in a quarter of an 
hour, undertakes what is highly advantageous to himself, and equally disadvantageous 
to his adversary. 


PllOBLEM XI. 

A certain person propqsed to play with 7 dicct marked on all their faces^ on the following 
conditions : he who held the dice was to gain as many crowns as he brought sixes ; 
hut if he brought none, he was to pay to his adversary as many crowns as there weie 
dice, that is 7. What was the ratio of their chances f 

To resolve this problem, wc must analyze it in order. Let us suppose then, that 
there is only one die ; in this case it is evident, that as there is only 1 chance in 
favour of him who holds the die, and 5 against him, the ratio of the stakes ought to 
be that of 1 to 5. If the first therefore gave a crown every time he did not throw 
6, and received only the same sum when a 6 came up, he would play a very un- 
equal game. 

Let us now suppose 2 dice. In the 36 combinations, of which the faces of 2 
dice are susceptible, there are 25 which give no 6; 10 which give 1, and 1 which 
gives 2. He therefore who holds the dice, has only 11 chances in his favour, 10 of 
which may each make him gain a crown, and the remaining 1 make him gain two. 
His chance then of vvinning, according to the general rule, will be JJ + and be- 
cause, if the 25 chances which do not give a 6 should take place, he would be 
obliged to pay 2 crowns, the chance of his adversary will be Consequently the 
chance of winning will be to that of losing as to Jg, or 12 to 50, or less than 1 to 4. 

To determine, in the more complex cases, the chances which give no 6, those 
which give one, those which give two, &c. it must be observed, that they are al- 
ways expressed by the different terms of the power of 5 + 1, the exponent of which 
is equal to the number of the dice. Thus w'hcn thcie is only one die, the number 
5 4" 1 expresses, by its first term, that there are five chances without a 6, and one 
which gives a 6; if there be two dice, as the product of 5 -f- 1 by 5 -j- L or the 
square of 5-f-l, is 25 -|- 10 1, the first term 25 indicates that there are 

25 chances, in the 36, which give no 6; 10 which give one, and 1 w'hich gives 
two. 

In like manner, as the cube of 5 + 1 is 125 + 75 + 15 + i* denotes that, in 
the 216 combinations of the faces of six dice, there arc 125 in which there is 
110 6; 75 in which there is one; 15 in which there are two, and 1 where there 
are three. 

The fourth power of 5 + 1 being 625 + 500 -j- 150 + 20-1-1, it indicates, in the 
same manner, that in the 1296 combinations of the faces of four dice, there are 
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625 witliout a 6 ; 500 which give 6 ; 150 which give two, 20 which give three, and 
only 1 that gives four. 

We shall pass over the intermediate cases, and proceed to that where 7 dice are 
employed. In this case then it will be found, that the 7th power of 5 + 1 is 78125 
-f 109375 + 65625 + 21875 -f 4375 -|- 525 + 35 + 1 = 279936. In the 279936 
combiiiaHons of the faces of 7 dice, there are 78125 which give no 6; 109375 
where there is one ; 65625 where there are two ; 21875 where there arc three, &c. 
But as he who holds the dice would have to pay 7 crowns for each of the hist 78125 
chances, should they take place, we must consequently, according to the general rule, 
multiply that number by 7, and divide the product by the sum of all the chances, 
in order to obtain the chance against him, which is = To find the favourable 

chance, we must multiply each of the other terms by the number of the sixes it 
presents ; add together the different products, and divide the sum by the whole of 
the chances, or 279936 ; in this manner we shall have, for the chance in favour of 
the person Avho holds the dice, His chance of winning, therefore, is to that of 

losing, as 325592 to 54687 ; that is to say, he plays a disadvantageous game, or it 
is 54 to 32, or 27 to 16, or more than 3 to 2, that lie will lose. 

By a like process it may be found, in the case of eight dice, that the chance of the 
person who holds them, is lo that of his adversary, as 2259488 to 3125000, which 
is nearly as 3 to 4. 

If there were nine dice, the chance of the person who holds them, would he to 
that of his adversary, nearly as 151 to 175, or nearly 25 to 2iK 
It there were ten dice, the chance ot the former to that of the latter, would 
be ns 101176960 to 976 *'j 6250, that is to say, nearly as 101 to 97iV The advantage 
then begins to be in favour of the former, only when the number of the dice is 10; 
and, to play an equal game, a less number ought not to be employed. 


CHAPTER X. 

ARITHMETICAL AMUSEMENTS IN DIVINATION AND COMBINATIONS. 
PROBLEM I. 

To tell the Number thought of by a person, 

I. Desire the person, who has thought of a number, to triple it, and to take the 
exact half of that triple, if it be even, or the greater half if it be odd. Then desire 
him to triple that half, and ask him how many times it contains 9 ; for the number 
thought of will contain the double of that number of nines, and one more if it be 
odd. 

Thus, if 5 has been the number fhougbt of; its triple will be 15, which cannot 
be divided by 2 without a remainder. The greater half ot 15 is 8 ; and if this 
half be multiplied by 3, we shall have 24, which contains 9 twice ; the number 
thought of will therefore be 4 + 1, that is to say 5. 

Proof — If the number be an even one, it may be represented by 2x, and if an odd 

one by 2jr + l* Then in fhe case of an even number X 8 X 3 represents the 

2 

operations which the person thinking of a number is requested to perform upon it. 
The result is 9a?, the ninth part of which doubled is 2x, the number thought of. Jn 
the case of the odd number X3x3 = 9a; + 4J, which contains 9, x times, 

and 2 a: + 1 is the number thought of. 

In the same way may each of the following methods be shewn to be true. 
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II, Uid the person multiply the number thought of by itself ; then desire him to 
add unity to the number thought of, and to multiply that sum also by itself ; in the 
last place ask him to tell the difference of these two products, which will certainly 
be an odd number, and the least half of it will be the number required. 

I,et the number thought of, for example, be 10, which multiplied by itself gives 
100 ; in the next place 10 increased by 1 is 11, which multiplied by itself makes 121, 
and the difference of these two squares is 21, the least half of which, being 10, is 
the number thought of. 

This operation might be varied in the second step, by desiring the person to mul- 
tiply the number by itself, after it has been diminished by unity, and then to tell the 
difference of the two squares; the greater half of which will be the number 
thought of. 

Thus, ill the preceding example, the square of the number thought of is 100, and 
that of the same number less unity is 81 ; the difference of these is 19, the greater 
half of which, or 10, is the number thought of. 

Ill Desire the person to take 1 from the number thought of, and to double the 

remainder ; then bid him take 1 from this double, and add to it the number thought 
of. Having asked the number arising from this addition, add 3 to it, and the third 
of the sum will he the number required. 

Let the number thought of be 5 ; if one be taken from it there will remain 4, the 
double of which, 8, being diminihhed by 1, and the remainder, 7, being increased by 
5, the number thought of, the result will be 12 ; if to this we add 3, we shall have 
15, the third part of which, 5, will be the number required. 

Bemark This method may be varied a great many ways ; for instead of doubling 

the numbci thought of, after unity has been deducted from it, the person may be 
desired to triple it ; then after he has been desired to subtract unity from that triple, 
and to add the number thought of, he must add 4 to it, and the J of the sum arising 
from these operations will be the number required. 

Let the number required be a? : if unity be subtracted from it the remainder will be 
X — 1 ; multiply this remainder by any number whatever, n, and the product will be 
V V — n ; again subtract unity, and we shall have for remainder nx — n — 1 ; it a, the 
numhci thought of, be then added, the sum will be (» + 1) a’ — w — 1 ; and if to this 
sum we add the above multiplier increased by unity, that is to say 3, if the first 
rcmaindci was doubled, 4 if it was tripled, &c., the result will be (n -|- 1) x; which 
being divided by the same number, the quotient will be a*, the number required. 

Unity, instead of being subtracted from the number thought of, might be added to 
it ; and then, instead of adding, at the end of the operation, the multiplier increased 
by unity, it ought to be subtracted, after which the remainder may be divided as 
above. 

Let the number thought of, for example, be 7 ; if unity be added, the sum will be 
8, and this sum tripled will give 24 ; if 1 be still added, we shall have 25, and this 
sum increased by 7 will make 32 ; from which if 4 be deducted, because the number 
thought of was tripled after unity had been added, we shall have 28; one fourth of 
which will he the number required. 

IV — Desire the person to add 1 to the triple of the number thought of, and to 
multiply the sum by 3 ; then bid him add to this product the number thought of, 
and the result will be a sum* from which if 3 be subtracted, the remainder will be 
ten times the number required. If 3 therefore be taken from the last sum, and if 
the cipher on the right be cut off from the remainder, the other figure will indicate 
the number sought. 
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Let the number thought of he 6; the triple of which is 18, and il unity ba added 
it makes 19 ; the triple of this last number is 57 1 and if 0 be added it makes 6»1, fiom 
which if 3 be subtracted the remainder will be 60: now' it the cipher on the right 
be cut off, the remaining figure 6 will be the number required. 

Remark If 1 were subtracted from thrice the number thought ot, the remainder 

tripled, and the number thought of again added, it would be necessary , after the per- 
son had told the result, which would always terminate with 7» to add 3 instead of 
subtracting it, as in the above operation ; and the sum would then be the decui)le of 
the number thought of. 

To the preceding methods, given by Montucla, of 
telling the number of which a person has thought, may 
be added another ingenious one, by means of the 
annexed columns of numbers, w^hich are thus pre- 
pared. 

Having entered the geometrical series, 1, 2, 4, 8, 

16, 32, as the top series of the six columns, the 
other numbers in each column downward are pro- 
duced by this rule. 

To the first number add successively a unit as 
often as is denoted by one less than the first num- 
ber ; and then, to the last of these, add a number 
w'hich is one more than the top number, and so on 
till the columns are filled up. 

Now having prepared the columns, it may be as 
well, for the sake of secresy, to*have them on dif- 
ferent slips of paper. 

Request a person to think of any number not 
greater than the highest contained in the columns, 
in the present case 63, and desire him to point out 
all the columns in which it is contained, or shewing 
each column separately, ask, Is the number there ? 

Then, recollecting that the numbers at the top are 
1, 2, 4, 8, 16, 32, add together in your mind the 
figures of this scries at the tops of all the columns 
containing the number thought of, and the sum of 
these numbers will be the number required. 

Thus for example, if the person says his number is in the 2nd, 5th, and 6th columns, 
2 + 16 + 82, or 50, is the number. If he says it is in the 1st, 2nd, 4th, and 6th co- 
lumns, 1 +24“ 8 "1“ 32, or 43 is the number. 

The problem may be varied by requesting the person who thinks of a number to 
give you those columns only which do not contain it, and you will then discover it by 
subtracting the sum of the top numbers from the highest number, 63. Thus, if the 
number is not in the 2nd, dth, nor 6tb column, it must be 63 —50, or 13. 

PllOBLEM n. 

To tell two or more numbers which a person has thought of, 

I.— .When each of the numbers thought of does not exceed 9, they may be easily 
found in the following manner : 
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Having made llie person add 1 to the double of tbe first number thought of, desire 
him to multiply the whole by 5, and to add to the product the second number. If 
there be a third, make him double this first sum and add 1 to it ; after which desire 
him to multipl} the new sum by 5, and to add to it the third number. If there be 
a fourth, you must proceed in the same manner, dcsiiing him to double the preceding 
sum ; to add to it unity ; to multiply by 5, and then to add tbe fourth number, and 
80 on. 

Then ask the number arising from the addition of tbe last number thought of, and 
if there were two numbers, subtract 5 fiom it; if three, 55; if four, 555; and so 
on ; for the remainder will be composed of figures of which the first on the left will 
be the first number thought of, the next the second, and so of the rest. 

Suppose the numbers thought of to be 3, 4, G : by adding 1 to 6, the double of the 
first, we have 7, which being multiplied by 5, gives 35 ; if 4, the second number 
thought of, be then added, we shall have 39, which doubled gives 7B| and if we add 
1, and multiply 79, the sum, by 5, the result will be 395. In the last place, if we 
add 6, the third number thought of, the sum will be 401 ; and if 55 be deducted fiom 
it, we shall have for remainder 346 ; the figures of which, 3, 4, 6, indicate in order 
the three numbers thought of. 

One method we shall here omit, as we shall have occasion to employ it in another 
amusement of the same kind, called the game of the ring. 

II. — If one or more of the numbers thought of are greater than 9, two cases 
must be distinguished : 1st, that where the number of the numbers thought of is 
odd ; 2d, that where it is even. 

In the first case, desire the person to tell the sums of tbe first and the second ; of 
tbe second and the third ; of the third and the fourth, &c., as far as the last, and then 
the sum of the first and the last. Having written down these sums in order, add 
together all those the places of which are odd, as the first, the third, tbe fifth, &c. ; 
make another sum of all those the places of which are even, as the second, the 
fourth, tbe sixth, &c. ; subtract this sum from the former, and the remainder will be 
the double of the fiist number. 

Let us suppose, for example, that the five following numbers are thought of, viz. : 
3, 7, 13, 17f 20, which, when added two and two, as above, give 10, 20, 30, 37, 23: the 
sum of the fiist and third and fifth is 63 ; and that of the second and fourth is 57 : 
if 57 be subtracted from 63, the remainder 6 will be the double of the first number 
3. Now if 3 be taken from 10, the first of the sums, the remainder 7 will be the 
second number ; and, by proceeding in the same manner, we may find all the rest. 

In the second case, that is to say, when the number of the numbers thought of is 
even ; ask, and write down as above, the sum of the first and the second ; that of the 
second and third ; and so on as before ; but instead of the sum of the first and the 
last, take that of the second and the last ; then add together those which stand in 
tbe even places, and form them into a new sum apart ; add also th^se iii the odd 
places, the first excepted, and subtract this sum from the former : the remainder will 
be the double of the second number ; and if the second number thus found be sub- 
tracted from the sum of the first and second, the remainder will be the first number ; 
if it be taken from that of the second and third, it >vill give the third ; and so of tbe 
rest. 

Let the numbers thought of be, for example, 3, 7, 13, 17: the sums formed as 
above are 10, 20, 30, 24 : the sum of the second and fourth is 44, from which if 30, 
the third sum, be subtracted, the remainder will be 14, the double of 7, the second 
number. The first therefore is 3, the third 13, and the fourth 17. 

F 
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PROBLEM III. 

A person having in one hand an even number of shillings^ and in the other an odd, 
to tell in which hand he has the even number. 

Desire the person to multiply the number in the right hand by any even number 
whatever, such as 2 ; and that in the left by an odd number, as 3 ; then bid him add 
together the two products, and if the whole sum be odd, the even number of 
shillings will be in the right hand, and the odd number in the left ; if the sum be 
even, the contrary will be the ca&e. 

Let us suppose, for example, that the person has 8 shillings in his right hand, and 
7 in his left ; 8 multiplied by 2 gives 16, and 7 multiplied by 3 gives 21 ; the sum of 
which, 37, is an odd number. 

If the number in the right hand were 9, and that in the left 8, we should have 
9 X 2 = 18, and 8 X 3 = 24; the sum of which two products is, 42, an even 
number. 

Investigation.— Let x represent the number in the left, and y that in the right 
hand, and let 2 n and 2 w -f- 1 re present any csen and odd niimbcM, Then 
2 n.y + 2 m -j- I . jr = 2 . w // + wf x + j* is the sura of the products directed to 
be taken. Now 2 . n g -j- m x is necessarily even. Tlicicfore when the uhole pro- 
duct is even, the remaining term, is also even ; and wlieii odd, x is odd, wliicli is 
the rule. 


PROBLEM IV. 

A person having in one hand a piece of gold^ and in the other a piece of silver^ 
to tell in which hand he has the gold, and in which the silver. 

For this purpose, some value, represented by an even nuralier, such as 8, must be 
assigned to the gold, and a value represented by an odd number, such as 3, must 
be assigned to the silver: after which the operation i.s exactly the same as in the 
preceding example. 

Remarks.— L To conceal the artifice better, it will be sufficient to ask whether ' 
the sum of the two products can be halved without a remainder ; for, in that case, the 
total will be even, and in the contrary case odd. 

II. It may be readily seen that the pieces, instead of being in the two hands of 
the same person, may be supposed to be in the bands of two persons, one of whom 
has the even number, or piece of gold, and the other the odd number, or piece of 
silver. The same operations may then be performed in regard to these two persons 
88 are performed in regard to the two hands of the same person, calling the one pri- 
vately the right, and the other the left. 

PROBLEM V. 

The Game of the Ring 

This game is nothing else than an application of one of the methods employed 
to tell several numbers thought of, and should be performed in a company not ex- 
ceeding 9, in order that it may be less complex. Desire any one of the company to 
take a ring, and to put it on any joint of whatever finger he may think proper. The 
question then is to tell what person has the ring, and on whnt band, what finger, 
and what joint. 

For this purpose, call the first person 1, the second 2, the third 3, and so on ; also 
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call the right hand 1 , and the left 2 : the first finger of the hand, that is to say the 
thumb, must be denoted by 1, the second by 2, and so on to the little finger; 
and the first joint of each ^ger, or that next the extremity, must be called 1, the 
second 2, and the third 3. 

Let is now suppose that the fifth person has taken the ring, and put it on the first 
joint of the fourth finger of his left hand. To resolve the problem, nothing is 
necessary but to discover these numbers 5, 2, 4, 1, which may be done in the 
following manner. 

Desire some one to double the first number 5, which will give 10, and to subtract 
] from it ; desire him to multiply 9, the remainder, by 5 which will give 45; to this 
product bid him add the second number 2, which will make 47, and then 5 which will 
make 52 : desire him to double this number, and the result will be 104, and to sub- 
tract 1, which will leave 103. Desire him to multiply this remainder by 5, which 
W'ill give 515, and to add to the product the third number 4, or that expressing the 
finger, which will give 519: then bid him add 5, W'hich will make 524, and from 1048, 
the double of this sum, let him subtract 1, which will leave 1047 : then desire him 
to multiply this remainder by 5, which will give 5235, and to add to this product 1, 
the fourth niimbei, or that expressing the joint, which will make 5230; in the last 
place bid him again add 5, and the sum will be 5241, the figures of which will indi- 
cate, in order, the person who has the ring, and the hand, finger, and joint, on which 
it was put. 

It is evident, that all these operations amount, in reality, to nothing else than 
multiplying by 10, the number which expresses the person ; then adding that which 
expresses the hand ; multiplying again by 10, and so on.* But as this artifice is too 
easily detected, it might be better to employ the method taught in Prob. II. 
No. 1, to discover any number of numbers thought of at pleasure ; for, on account of 
the number which must be subtracted, the operation will be more dilficult to be com- 
prehended. 

The problem might be proposed in the following manner, and be resolved by 
the same process. 

Three or more persons having each selected a cardy the number of the spots oj 
which docs not exceed 9, to tell the number of the spots of each. 

Desire the first person to add 1 to double the number of the spots of his card ; to 
multiply the sum by 5, and to add to the product the spots of the card of the second 
person : then desire him to double that sum ; to add unity to it, to multiply the 
whole by 5, and to add to this pioduct the spots of the card of the third person : by 
subtracting from the last result'55, if the number of the persons be 3; 555, if it be 
4 ; 5555, if it be 5, the figures which compose the remainder will indicate, in order, 
the spots of the cards selected by each person. 

This process may be demonstrated with as much ease as the former ; let the num- 
bers to be guessed, less than 10, be x, y, z: we confine ourselves to three, for the sake 
of brevity. If 1 be added to the double of the first number, we shall have 2 x 1, 
and multiplying by 5, the product will be 10 x + 5; if the second number y be 


and infoimation of the reader, we shall here giro the following deraonstra* 
the tour numbers to guessed be x, y, x,u: according to the above method, we must 
aoubie X, which will give 2x ; it I no then subtracted wu shall have 2 x — J, and multiplytag by 5. 
n *** ^ y* second number, be added, we shall have 10 x— 5+ tr, aud ft 

added to this sum will make 10 x + p, which being doubled wdl give 20a + 2y ; if 1 be subtracted, 
if ^ remam 20 a + 2^^ — 1, which multiplied by ft will give 100 x -h 10 y ~ ft ; to this product 
friiS number z, and ft be added, the sum will be lOO x + \0y + z ; and if unity be taken 

this sum, the result will be 200 x + 20 y + 2 z — 1 ; if we then multiply by ft. 
l*‘'®duct 1000 X + 100 y + 10 z - 6 ; and by adding 5 and the last number, «. the 
+ 10 » + w. If X, y, z, u represent numbers, below 10, as ft, 2, 4, I, 
^ +40 + 1, or 5241. If the numbeis were 0, 0, ft, 4. the sum for the 

■wno reason, would be 06ft4 ; which is a demonstration of the piocess ubave indicated. 

F 2 
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added, the sum will be 10 r -f* ^ 4” ^ added to the double will make 20 ar + 

10 -f- 2 y -j- 1, which multiplied by 5 gives 100 .r 50 10 y -f- 5 ; if we then add 

the third number z, we shall have 100 a? -j" 50 + 10 y 5 -[- 2 , or 100 a? + 10 y + 
2 + 55 ; if y, 2 are, for example, 5, 6, 7, this expression will be 567 +55, or 612. 
From this last sum therefore, if we deduct 55, the remainder will be 567, which in- 
dicates in order the three numbers to be guessed. 

For the sake of brevity, we shall not give any other example, as the reader may 
recur to that before given in Prob. II. 

PROBLEM VI. 

To guess the number of spots on ang card, which a person has drawn fom a 

whole pack. 

Take a whole pack, consisting of 52 cards, and desire some person in company to 
draw out any one at pleasure, without shewing it. Having assigned to the different 
cards their usual value, areording; to their spots, call the knave II, the queen 12, 
and the king 13. Then add the spots of the first card to those of the second; the 
last sum to the spots of the third, and so on, always rejecting 13, and keeping the 
remainder to add to the following card. It may he readily seen that it is needless to 
reckon the kings, which are counted 13. If any spots rctniiin at the last card, sub- 
tract them from 13, and the remainder will indicate the spots of the card that lias 
been drawn; if the remainder be 11, it has been a knave ; if 12 it has been a 
queen ; but if nothing remains, it lias been a king. The colour of the king may be 
known by examining which one among the cards is wanting. 

If you are desirous of employing only 32 cards, the number used at present for 
piquet, when the cards are added as above diiected, reject all the tens ; then add 4 
to the spots of the last caul, and a sum will be obtained, whieli taken from 10, if it 
be less, or from 20 if it exceeds 10, the remainder will be the number of the card that 
has been drawn ; so that if 2 remains, it has been a knave, if 3 a queen, if 4 a king, 
and so on. 

If the pack be incomplete, attention must be paid to those dcfieieiit, in order that 
the number of the spots of all the cards ivantmg may be added to the last sum, after 
as many tens as possible have been subtracted from it; and the sum arising fiom this 
addition must, as before, be taken from 10 or 20, according as it is greater or less than 
10. It is evident that by again looking at the cards, the one which has been diawn 
may be discovered. * 

The demonstration of this rule is as follows : since, in a complete pack of cards, 
there are 13 of each suit, the values of w'hich are 1, 2, 3, &c., to 13, the sum of all 
the spots of each suit, calling the knave 11, the queen 12, and the king 13, is peven 
times 13 or 91, which is a multiple of 13 ; consequently the quadruple of this sum is 
a multiple of 13 also : if the spots then of all the cards be added together, always 
rejecting 13, we must at last find the remainder equal to nothing. It is therefore 
evident that if a card, the snots of which are less than 13, has been drawn from 
the pack, the difference between these spots and 13 will be what is wanting 
to complete that number; it at the end then, instead of reaching 13, we reach 
only 10, for example, it is evident that the card wanting is a three; and if we reach 
13, it is also evident that the card wanting is one of those equivalent to 13, or 
a king. 

If two cards have been drawn from the pack, we may tell, in like manner, the 
number of spots which they contain both together : that is, how much is want- 
ing to reach 18, or that deficiency increased by 13 ; and to know which two, 
nothing is necessary but to count privately how many times 13 has been com- 
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pleted, for with the whole of the cards it ought to be counted 28 times : if it 
be counted therefore only 27 times, with a remainder, as 7 for example, the spots 
of the two cards drawn amount together to C : if 13 be counted only 26 times, 
with the same remainder, it may be concluded that the two cards formed to- 
gether IS-j-G, or 19. 

The demonstration of the rule given w’hcn the same number of cards is used, 
as that employed for the game of piquet, viz. 32, calling the ace 1, the knave 2, 
the queen 3, the king 4, and assigning to the other cards the value of their spots, 
is attended with as little difficulty; for in cacli suit there are 44 spots, making 
altogether 176, which, as well as 44, is a multiple ot 11; we may therefore always 
count to II, rejecting 11, and the number wanting to reach 11, will be the 
value of the card w’hich has been drawn. 

But the same number 176, if 4 were added to it, would be a multiple of 10 
or of 20; and hence a demonstration also of the method which has been taught. 

PROBLEM VII. 

A person having an equal number of counters, or pieces of money, in each hand, 
to find how many he has altogether. 

Desire the person to convey any number, a,s 4, for example, from the one hand 
to the other, and then ask him how many times the less number is contained in 
the greater. Let us suppose that he says the one is triple of the other ; and in 
this case multiply 4, the number of the counters conveyed from one hand into 
the other, by 3, and add to the product the same number 4, which will make 
1C. In the la's! place, from the number 3 subti act unity, and if 16 be divided by 
2, the remainder, the quotient 8 will be the number contained in each hand, and 
consequently the whole numlicr is 16. 

Let us now suppose that when 4 counters are conveyed from one hand to the 
other, the less number is contained in the greater 2^ times ; in this case we must, 
as bcfoie, multiply 4 by 2}, which will give 9^; to which if four be added, we 
shall have I3j, or if unity be then taken trom 2^, the remainder will be IJ, 
or by which if be divided, tlic quotient, 10, will be the number of counters 
in each hand, as may be easily proved on trial. 

Proof. — Let x he the number in each hand, a the number transferred from the 
,oiie hand to the otlu r, and n = the multiple which the sum is of the remainder. 

— ■ fi -L 1 

The = — fl, ofn — l.‘*’ = n4-l*a» whence x = y • a ; a gene- 
ral rule. * , 

PROBLEM VIII. 

Several cards being presented, in succession, to several persons, that they may each 
choose one at pleasure ; to guess that which each has thought of 

Shew as many cards to each person as there are persons to choose ; that is to 
say, 3 to each if there are 3 persons. When the first has thought of one, lay 
aside the three cards in which he has made bis choice. Present the same num- 
ber to the second person, to think of one, and lay aside the three cards in the 
like manner. Having done the same in regard to the third person, spread out 
the three first caids with their faces upw'ards, and place above them the next 
three cards, and above these the last three, that all the cards may thus be dis- 
posed in three heaps, each consisting of three cards. Then ask. each person in 
which heap the curd is which he thought of, and when this is known it will be 
easy to tell these cards, for that of the first person will be the first in the heap 
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to which it belongs ; that of the second will be the second of the next heap, and 
that of the third will be the third of the last heap. 

PROBLEM IX. 

Three cards being presented to three persons^ to guess that which each has chosen 

As it is necessary that the cards presented to the three persons should be dis- 
tinguished, we shall call the first a, the second b, and the third c ; but the 
three persons may be at liberty to choose any of them at pleasure. This choice, 
which is susceptible of six different vaiietics^ having been made, give to the first 
person 12 counters, to the bccond 24, and to the third 36: then desire the first 
person to add together the half of the counters of the person who has chosen the 
card A, the third of those of the person who has chosen B, and the fourth pai't 
of those of the person who has chosen c, and ask the sum, which must be either 
23 or 24; 25 or 27; 28 or 29, as in the follouing tabic: 


first. 

Second. 

lliird. 

Sums. 

12 

24* 

36 

* 

A 

B 

c 

23 

A 

C 

B 

24 

B 

A 

' r 

25 

C 

A * 

B 

27 

B 

C 

A 

28 

C 

B 

A 

29 


This table shews, that if the sura be 25, for example, the first person must 
have chosen the card b, the second the card a, and the third the card c ; and 
that if it be 28, the first person must have chosen the card b, the second the 
card c, and the third the card a ; and so of the rest. 

PROBLEM X. 

A person having drawn, from a complete pack of ffty^two cards, one, two, three, 

four, or more cards, to guess the whole number of the spots which therj contain. 

Assume anv number whatever, such as 15, for example, greater than the num- 
ber of the spots of the highest card, counting the knave 11, the queen 12, and 
the king 13, and desire the person to add as many cards from the pack, to the 
first card he has chosen, as will make up 15, counting the spots of that card; 
let him do the same thing in regard to the second, the thiid, the fourth, &c. ; 
and then desire him to tell how many cards remain in the pack. When this is 
done, proceed as follows : 

Multiply the above number 15, or any other that may have been assumed, by 
the number of caids drawn from the pack, which wc shall here suppose to be 3; 
to the product, 45, add the number of these cards, which will give 48; subtract 
the 48 from 52, and take the remainder 4 from the cards left in the pack : the 
result will be the number of spots required. 

Let us suppose, for example, that the person has drawn from the pack a 7, a 
10, and a knave, which is equal to 11: to make up the number 15 with a 7 , 
eight cards will be required; to make up the same number with a 10, will re- 
quire five; and with the knave, which is equal to 11, four will be necessary. 
The sum of these three numbers, with the 3 cards, makes 20, and consequently 
32 cards remain in the pack. To find the sum of the numbers 7 , 10, 11, mul- 
tiply 15 by 3, ^hich will give 45 ; and if the number of the cards drawn from 
the pack be added, the sum will be 48, which taken from 52, leaves 4. If 4 
then be subtracted from 32, the remainder, 28, will be the sum of the spots 
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contained on the three cards drawn from the pack, as may be easily proved by 
trial. 

Another Example Let us suppose two cards only drawn from the pack, a 4 

and a king, equal to 13; if cards be added to these to make up 15, there will 
remain in the pack 37 cards. 

If 15 be multiplied by 2, the product will be 30, to which if 2, the number of 
the cards drawn liom the pack, be added, we shall have 32; and if 32 be taken 
from 52, the remainder will be 20. In the last place, if 20 be subtracted from 
37f the number of the cards left in the pack, the remainder, 17, will be the 
number of the spots of the 2 caids drawn from the pack. 

“Remarks. — I. If 4 or 5 cards are drawn from the pack, it may sometimes hap- 
pen that a sufficient number will not be left to make up the number 15; but 
even in this case the O[)enition may be still performed. For example, if 5 cards, 
the spots contained on which are 1, 2, 3, 4, 5, have been drawn ; to complete 
with each of llicse cards the iiunihcr 15 would require, together with the 5 cards, 
at least 05; but as there are only 52, there are consequently 13 too few. He 
who counts the pack must therefore say that J3 are wanting. 

On the other hand, he who undertakes to tell the mnnber of the spots, must 
multiply 15 by 5, which inakc*>75; and to this if 5, the number of the cards, be 
added, it will give 80 ; that is to say, 28 more than 52 . if 13 then he su'itracted from 
28, the lemaindcr 15 will be the number of the spots contained on these 5 cards. 

But if we suppose that the cards left in the pack are, for example 22, winch would 
be the ca'^e it the five caids diawn were the ft, 9, 10, knive = 11. and queen = 12, 
it would be necessary to add these 22 to the excess ot 5 times 15-1-5, over 52, that 
is to say to 2ft, and we should have 50 for the spots of these 5 cards, which is indeed 
the exact nuinliei of them. 

II. If the pack consists not of 52 cards, but of 40, for example, there will still be 
no diflereiice in the operation : the number of the cards, which remain of these 40, 
must be taken from the sum produced by multiplying the made up number by that 
of the cards drawui, and adding to the product the number of these cards. 

Let us suppose, for example, that the cards diawii are 9, 10, 11, (hat the number 
to be made up is 12, and that the cards left in the pack are 31. Then 12 X 3 = 
36, and 3 added for the 3 cards, makch 39, winch subtracted from 40 leaves 1. If 1 
then be taken from 31, the remainder 30 will be the nunaber of the spots re- 
quired. 

III. Different numbers to be made up with the spots of each card chosen might be 
assumed ; but the case w’ould still be the same, only that it would be necessary to 
add these three numbers to that ot the cards, instead of multiplying the same num- 
bei by the number of cards drawn, and then adding the number* of the cards. In 
this there is so little dilficulty, that an example is not necessary. 

IV. The demonstration of thi^ method, which some of our readers perhaps may 
be desirous of seeing, is exceedingly simple, and is as follows. Let a be the num- 
ber of cards in the pack, c the number to be made up by adding cards to the spots 
of each card drawn, and b the cards left in the pack ; let x, y, z express the spots 
of the cards, which we shall here suppose to be 3, and we shall then have, for the 
number of the cards drawn, r — a,-\-c — which with the cards left 
in the pack 5, must be equal to the whole pack. Then 3c-|-3 — 

= a, or a'-j-y-j-z = 3 c -f-S-f-/; — a, or = 5 — (a — 3 c — 3). But x-f-y-f- z is 
the whole number of jthe spots ; bis the number of cards left in the pack, anda— . 
3 c — 3 is the whole number of cards in the pack, less the product of the number 
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to be completed by tbe number of the cards drawn^ minus that nuihber. There^ 
fore, kc. 


PROBLSM xt. 

thingt being privately distributed to three persons ; to guess that which each 
has got. 

Let tbe three things be a ring, a shilling, and a glove. Call tbe ring A, tbe shilling 
£, and the glove i ; and in your own mind distinguish the persons by calling them 
first, second, and third. Then take twenty-four counters, and give one of them to 
the first person, two to the second, and three to the third. Place the remaining 18 
on the table, and then retire, that the three persons may distribute among themselves 
the three things proposed, without your observing them. When the distribution has 
been made, desire the person who has the ring to take from the 18 remaining counters 
as many as he has already ; the one who has the shilling to take twice as many as he 
has already, and the person who has the glove to take four times as many ; according 
to the above supposition then, the first person has taken 1, the second 4, and the 
third 12; consequently one counter only remains on the table. When this is 
done, you may return, and by the number left can discover what thing each has got, 
by employing the following words : 

1 2 3 5 6 7 

Par fer Cesat jadis devint si grand prince. 

To make use of these words, yon muat recollect that in all cases there can remain 
only 1 counter, or 2, 3, 5, 0, or 7, and never 4 : It must be likewise observed that 
each syllable contains one of the vowels which we have made to represent the three 
things proposed, and that the above line must be considered as consisting only of six 
words : tbe first syllable of each w'ord must also be supposed to represent tbe first 
person, and tbe second syllabic the second. This being comprehended, if there 
remains only 1 counter you must employ the first word, or ratbci the two first 
syllables, par fer^ the first of which, that containing a, shews that the first person 
has the ring, represented by a ; and the second syllable, that containing e, shews 
that tbe second person has the shilling, represented by e ; tram which you may easily 
conclude that the third person has the glove. Jf two counters remain, yon must 
take the second word Ct'sar, the first syllable of which, containing e, will shew 
that the first person has the shilling, represented by e, and the second syllable, 
containing a, will indicate that tbe second person has the ring, represented by a ; 
you may then easily conclude that tbe third person has the glove. In general, 
whatever number of counters remain, that word of the verse which is pointed out 
by the same number must be employed. 

jRemarks, — Instead of the above French verse, the following Latin ona might be 
used. 

1 2 3 5 6 7 

Salve certa aninus semita vita quies. 

This problem might be proposed in a manner somewhat different, and might be 
applied to more than three persons : those who are desirous of farther information 
on the subject, may consult Bachet in the 25tb of his ** Problcmes plaisants et 
delectables.*' 



DIVINATION AND COMBINATIONS* 


73 


PROBLEM Xn, 

Several numbers being disposed in a circular formy according to their natural series^ 
to tell that which any one has thought of. 

The first ten cards of any suit, disposed in a circular form, as seen in the figure 
below, may be employed with great convenience for performing what is announced 
in this probletb. The ace is here represented by the letter a annexed to 1, and 
the ten by the letter x joined to 10. 

2 3 4 

D 

1 A S 5 

10 K p 

I H O 

9 8 7 

Having desired the person who has thought of a number or card to touch also 
any other number or card, bid him add to the number of the card touched the 
number of the cards employed, which in this case is 10. Then desire him to count that 
sum in an order contrary to that of the natural numbers, beginning at the card he 
touched, and assigning to that card the number of the one which he thought of ; 
for by counting in this manner, he will end at the number or card which he thought 
of, and consequently you will easily know it. 

Thus, for example, if the person has thought of the number 3, marked c, and 
has touched 6, marked f; if 10 be added to 6, it will make 16; if 16 be then 
counted * from r, the number touched, towards b, d, c, b, a, and so on in the 
retrograde order, counting 3, the number thought of, on f, 4 on e, 5 on d, 6 on c, 
and so round to 16, the number 16 will terminate on c, and shew that the person 
thought of 3, which corresponds to c. 

Remarks 1. A greater or less number of cards may be employed at pleasure. 

If there are 15 or 8 cards, 15 or 8 must be added to the number of the card 
touched. 

2, To conccarthe artifice better, you may invert the cards, so as to prevent the 
spots from being seen ; but you must remember the natural series of the cards, and 
the place of the first number, or the ace, that you may know the number of the card 
touched, in order to find the one to which the person ought to count. 

PROBLEM xni. 

Two persons agree to take alternately numbers less than a given number ^ for example 

1 1 , and to add them together till one of them has reached a certain sum, such as 100 ; 

by what means can one of them infallibly attain to that number before the other f 

The whole artifice of this problem consists in immediately making choice of 
certain numbers, which we shall here point out. Subtract 11, for example, from 
100, the number to be reached, as many times as possible, and the remainders will 
be 89, 78, 67, 56, 45, 34, 23, 12, and 1, which must be remembered ; for he who 
by adding his number less than 11, to the sum of the preceding, shall count one 
of these numbers before his adversary, will infallibly win, without the other being 
able to prevent him. 

These numbers may be found also, with still greater ease, by dividing 100 

* It is to be obaerred that the person must not count this sum aloud, but pHratoly in his own 
nind. 
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by 11, and adding 11 continually to 1, the remainder, which will give 1, 12, 23, 
84, &c. 

Let U8 suppose, for example, that the first person, who knows the game, takes 
1 for his number: it is evident that his adversary, as he must count less than 
11, can at most reach 11 by adding 10 to it. The first will then take 1, which 
will make 12 ; if the second takes 8, which will make 20, the first will take 3, 
which will make 23 ; and proceeding in this manner successively he wnll first reach 
45, 56, G7, 78, 89. When he attains to the last number it will be impossible 
for the second to prevent him from getting first to 100 ; for whatever number the 
second takes, he can attain only to 99, after w'hich the first may say, “ and I makes 
100. " If the second takes J after 89, it will make 90; and his adversary may 
finish by saying, “ and 10 make 100.” 

It is evident that when two peusons are equally well acquainted with the game, 
he who begins must necessarily win. 

But if the one knows the game and the other does not, the latter, .though first, 
may not win ; for he will think it highly advantageous to take the greatest number 
possible, that is to say 10; and in that case the other, acquainted with the nicety 
of the game, will take 2, which with 10 will make 12 ; one of the numbers he 
ought to secure. But he may even neglect this advantage, and take ofily 1 to 
make 11 ; for the first will probably still take 10, which will make 21, and the 
second may then fake 2, which will make 23 ; he may then wait a little longer to 
get hold of some of the following numbers 34, 45, 56, &c. 

If the first is desirous to win, the least iiuinbcr proposed must not be a measure 
of the greater; for in that case the first would have no infallible rule to direct 
him in his operations. For example, if 10, which measures 100, uere assumed, 
instead of 11, by subtracting 10 from 100 as many times as possible, we should 
have the numbers 10, 20, 30, 40, 50, GO, 70, 80, 90, the first of which, 10, could 
not be taken by the first ; for being obliged to employ a nun)ber less than 10, 
if the second were as well acquainted with the game, be might take the complement 
to 10; and would thus have an infallible rule for winning. 

PROBLEM XTV. 

Sixteen counters being disposed in two rows, to Jind that which a person has thought of. 

The counters being arranged in two rows, as A and n, desire the person to think 
of one, and to observe well in which row it is. 
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Lei us suppose that the counter thought of is in the row a ; take up that whole 
row, in the order in which it stands, and dispose it in two rows c and d, on the 
right and left of the row b ; but in arranging them, take care that the first of the 
row A may be the first of the row c ; the second of the row a the first of the row 
D ; the third of the row a, the second of the row c, and so on ; then ask again in 
which of the vertical rows, c or d, the counter thought of is. Suppose it to be in 
c : take up that row as well as the row J>, putting the last at the end of the 
first, without deranging the order of the counters, and, observing the rule already 
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given, form them into two other rowi, as seen at s and f ; then ask, as before, in 
which row the counter thought of is. Let us suppose it to be in e : take up this 
row, and the row f, as above directed, and form them into two new rows, on the 
right and left of b. After these operations, the counter thought of must be the 
first of one of the perpendicular rows, h and i; if you therefore ask in which 
row it is, you may easily point it out ; and as it is here supposed that each of the 
counters has some distinguishing mark, you may desire them to be mixed together, 
and still be able to tell the number thought of, by observing the mark. 

It may be readily seen that, instead of counters, cards may be employed; and 
when you have discovered, by the above means, the one thought of, you may cause 
them to he mixed, which will better conceal the artifice. 

JRemark. — If a greater number of counters or cards, arranged in two vertical 
rows, be supposed, the counter or card thought of will not necessarily be the first 
in the row to which it belongs, after the third transposition : if there be 32 counters 
or cards, four transpositions will be necessary ; if there are G4, five ; and so on, 
before it can he said, with confidence, that the counter or card thought of occupies 
the first place in its row ; for it this counter or card were at the bottom of the 
perpendicular row a, supposing 16 counters in each row, or 32 altogether, it would 
not arrive at the first pbiec till after four transpositions; if there were 64, or 32 
in each row, it would require five ; and so on, as may be easily proved by trial. 

PROBLEM XV. 

A certain number of cards being shewn to a person, to guess that which he has 

thought of 

To perform this trick, the number of the cards must be divisible by 3 ; and to do 
it with more convenience, the number must be odd. 

The first condition, at least, being supposed, desire the person to think of a card ; 
then place the cards on the table with their faces downward ; and, taking them up 
in order, arrange them in three heaps, with their faces upward, and in such a manner 
that the fir-t card of the p.icket shall be the first of the first heap ; the second the first 
of the second, and the tbiid the first of the third; the fourth the second of the first, 
and so on. When the heaps are completed, ask the person in which heap is the card 
thought of, and when told, place that containing the card thought of in the middle ; 
then turning up the packet, form three heaps, as before, and again ask in which is 
the card thought of. Place the heap containing the card thought of still in the 
middle, and, having formed three new heaps, ask which of them contains the card 
thought of. When this is known, place it as before between the other two ; and 
again foim three heaps, asking the same question. Then take up the heaps for the 
last time ; put that containing the card thought of in the middle, and placing the 
packet on ilie table, with the faces of the cards downward, turn up the cards till you 
count half the number of those contained in the packet ; 12 for example, if there 
be 24, in whieh ease the 12th card will he the one the person thought of. 

If the number of the cards be, at the same time, odd, and divisible by 3, as 15,21, 
27, Ac , the trick will become much easier ; for the card thought of will always be 
that in the middle of the heap in which it is found the third time ; so that it may be 
easily distinguished williout counting the cards; nothing will be necessary for this 
purpose, but to remember, while jou are forming the heaps the third time, the card 
which is the middle one of each. Let us suppose, for example, that the middle card 
of the first heap is the ucc of hearts ; that of the second the king of hearts, and that 
of the third the knave of spades ; it is evident, if you are told that the heap con- 
taining the required card is the third, that this card must be the knave of spades. 
You may therefore cause the cards to he shuffled, without touching them any more. 
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aiid then, looking them over for the sake of form, may name the knave of spades 

when it occurs. 

PROBLEM XVI. 

Fifteen Christians and fifteen Turks being at sea in the same vessel, a dreadful storm 
came on, which obliged them to throw all their merchandise overboard ; this however 
not being sufficient to lighten the ship, the captain infoi med them that there was no pos- 
sibility of its being saved, unless half the passengers were thrown overboard also. 
Having therefore caused them all to ai range themselves in a row, by counting from 9 
to 9, and throwing every ninth person into the sea, beginning again at the first of the 
row when it had been counted to the end, it was found that after fifteen persons had 
been thrown overboard, the fifteen Christians remained. How did the captain arrange 
these thirty persons so as to save the Christians f 

The method of arranging the thirty persons may be deduced from these two 

French verses ; 

Mart, tu ne failliras pas 
liii me liviant le trepas. 

Or from the following Latin one, which is not so bad of its kind : 

Populcani virgani mater rcgina ferebat. 

Attention must be paid to the vowels a, e, t, o, v, contained in the syllables of these 
verses; observing that a is equal to J, e to 2, i to 3, o to 4, and u to 5. You must 
begin then by arranging 4 Christians together, because the vowel in the first syllable 
is 0 ; then five Turks, because the vowel in the second syllable is u; and so on to 
the end. By proceeding in this manner, it will be found, taking every ninth person 
circularly, that is to say, beginning at the first of the row, after it is ended, that the 
lot will fall entirely on the Turks. 

The solution of this problem may be easily extended still farther. Let it be 
required, for example, to make the lot fall upon 10 persons in 40, counting from 
12 to 12. Arrange 40 ciphers in a ciicular form, as below ; 

t t t t 

0000000000000000 
0 0 
1 0 0 
0 Of 

0 Of 

0000000000000000 

1 1 1 t 

Then, beginning at the first, mark every twelfth one with a cross ; continue in this 
manner, taking care to pass over tbo«e already crossed, still proceeding circularly, 
till the required number of places has been marked ; if you then count the places 
of the marked ciphers, those on which the lot falls will be easily known ; in the 
present case they are the 7th, the 8th, the 10th, the 12th, the 2l8t, the 22d, the 24th, 
the 34tb, the 35tb, and the 3()th. 

A captain, obliged to decimate his company, might employ this expedient, to make 
the lot fall upon those most culpable. 

It is related that Josephus, the historian, saved his life by means of this expedient. 
Having fled for shelter to a cavern, with forty other Jews, after Jotapat bad been 
taken by the Romans, his companions resolved to kill each other rather than stir* 
render. Josephus tried to dissuade them from their horrid purpose, but not being 
able to succeed, be pretended to coincide with their wishes, and retaining the authority 
be had over them as their chief, to avoid the disorder which would necessarily be 
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the consequence of this cruel execution, if they should kill each other at random, 
he prevailed on them to arrange themselves in order, and, beginning to count from 
one end to a certain number, to put to death the person on whom that number 
should fall, until there remained only one, who should kill himself. Having all 
agreed to this proposal, Josephus arranged them in such a manner, and placed himself 
in such a position, that when the slaughter bad been continued to the end, he re- 
mained with only one more person, whom be persuaded to live. 

Such is the story related of Josephus by Hegesippus ; but we are far from war- 
ranting the truth of it. However, by applying to this case the method above indi- 
cated, and supposing that every third person was to be killed, it will be found that 
the two last places on which the lot fell were the 16th and 31st ; so that Josephus 
must hayc placed himself in one of these, and the person he was desirous of saving 
in the other. 

PRORLEBI X vn. 

A man has a wolft a goaty and a cahhagcy to carry over a river ; hut being ohhged to 
transport them one by ofie on account of the smallness of the booty in what manner 
is this to be done^ that the wolf may not he left with the goaty nor the goat with the 
cabbage f 

lie must first carry over the goat, and then return for the wolf ; when he carries 
over the wolf, he must take hack with him the goat, and leave it, in order to carry 
over the cabbage; he may then return and carry over the goat. By tliese inccins, 
the wolf will never be left with the goat, nor the goat with the cabbage, but wlicti 
the boatman is present. 


PROBLEM XVTII, 

Three jealous hushandsy with their wives, having to cross a river at a ferry, find a fmat 
without a boatman ; but the boat is so small that U can contain no nitre than two of them 
at once. How can these six persons cross the river, two and two, so that none oj thi 
women shall be loft in company with any of the men, unless when her husband is 
present f 

The solution of this problem is contained in the two following Latin distichs : 

It duplex inulier, redit iina, vcbitque manenteiu, 

Itque una ; utuutur tunc duo puppe viri. 

Par vadit et rt'deunt biui, mulieniuu hororem 
Advehit ; ad piopiiani line nuintus abit. 

That is: “ Two W'omeii cross first, and one of them, rowing back the boat, carries 
over the third wmman. One of the three women then returns with the boat, and 
remaining, sutfers the two men, whose wives have crossed, to go over in the boat. 
One of the men then carries back his wife, and leaving her on the bank, rows over 
the third man. In the last place, the w'oman who bad crossed enters the boat, and 
returning twice, carries over the other two women.” 

This question is proposed also under the title of the three masters and the three 
valets. The masters agree very well, and the valets also ; but none of the masters 
can endure the valets of the other two ; so that if any one of them were left with any 
of the other two valets, in the absence of his master, he would infallibly cane him. 

PROBLEM XIX. 

In what manner can counters be disposed in the eight external cells of a square, so 
that there may be always 9 in each row, and yet the whole number shall vary from 20 
to 32? 

O/anam proposed this problem in the following manner, with a view no doubt to 
excite the curiosity of his readers : 
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A certain convent consisted of nine cells, one of which in the middle was occupied 
by a blind abbess, and the rest by her nuns. The good abbess, to assure herself that 
the nuns did not violate their vows, visited all the cells, and finding 3 nuns in each, 
which made 9 in every row, retired to rest. Four nuns however went out, and the 
abbess returning at midnight to count them, still found 9 in each row, and therefore 
retired as before. The 4 nuns then came buck, each with a gallant, and the abbess 
on paying them another visit, having again counted 9 persons in each row, entertained 
no suspicion of what had taken place. But 4 more men were introduced, and the 
abbess again counting 9 persons in each row, retired in the full persuasion that no 
one had either gone out or come in. How was all this possible? 

This problem may be easily solved by iiiapecting the four following figures : the 
first of which represents the oiiginal disposition ot the counters in the cells of the 
square ; the second that of the same counters tvhen 4 are taken away ; the third the 
manner in which they must be disposed when these 4 are brought baek with 4 others ; 
and the fourth that of the same counters w'ith the addition of 4 more. It is here 
evident that there are always 9 in each external row ; and yet, in the first case, the 
whole number is 24, while in the second it is 20, in the third 28, and in the fourth 



It would seem that Ozanam had not observed that these variations might have 
been carried still farther ; that four men more might have been introduced into the 
convent, without the abbess perceiving it; and that all the men might have after- 
wards gone out with six nuns, so as to leave only 18, instead of the 24 who were in 
the cells at first. The possibility of this will appear by inspecting the two following 
figures. 



It is almost needless to explain in what minncr the illusion of the good a'nbess 
arose; It is because the numbers in the angular cells of the square were counted 
twice ; these cells being common to twm rows. The more therefore the angular cells 
aie filled, by emptying those in the middle of each band, these double enumerations 
become greater ; on which account the number, though diminished, appears always 
to be the same ; and the contrary is the case in proportion as the middle cells are 
filled by emptying the angular ones, which renders it necessary to add some units to 
bave 9 in each band. 
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PROBLEM XX. 

A gentleman has a hottUt containing 8 pintSy of choice winey and wiihes to make a 
present of one half of it to a friend ; but as he has nothing to measure ity except two 
other hottleSy one capable of containing 5 and the other 3 pints, how must he manage, 
so as to put exactly 4 pints into the bottle capable of containing 5 f 

To enable us to resolve this problem we shall call the bottle containing the 8 
pints, A ; that of 5 pints, b ; and that of 3 pints, c; supposing that there are 8 pints 
of wine in the bottle A, and that the other fwo are empty, as seen at i>. 8 5 3 

Having filled the bottle B with wine from the bottle a, in which there a b o 

will remain no more than 3 pints, as seen at e, fill the bottle c from b, l) 8 0 0 

and consequently there will remain only 2 pints in the latter, as seen at b 3 5 0 

F : then pour the wine of c into a, which will thus contain 0 pints, as f 3 2 3 

seen at G, and pour the two pints of b into c, as seen at h. In the last g 6 2 0 

place, having iilled the bottle n from the bottle a, in which there will h 6 0 2 
remain only 1 pint, as seen at i, fill up c fiom ii, in which there will re- i I 5 2 

main 4 pirils, as seen at k ; and thus the problem is solved. K I 4 3 

Bemurh. — If you are desirous of making the four pints of wine remain in the 
bottle A, which we have supposed to be filled with 8 pints, instead of 8 5 3 

remaining in the bottle B, fill the bottle c with wine from the bottle A, a b c 

in which there will remain only 5 pints, as seen at d ; and pour 3 pints BOO 
of c into B, which will consequently contain 3 pints, as seen at E : i> 5 0 3 

having then tilled c from A, in which there will remain no more than 2 e 5 3 0 

pints, as seen at F ; fill up B from c, which will thus contain only 1 F 2 3 3 

pint, as seen at g. In the last place, having poured the wine of the g 2 5 1 

bottle B into the bottle a, which will thus have 7 pints, as seen at H ; h 7 0 1 

pour tlie pint of wine which is in c into b, consequently the latter i 7 1 0 

will contain 1 [lint, as seen at i ; and then fill up c from a, in which there k 4 1 3 

will remain only 4 pints, as was proposed, and as seen at k. 

PROBLEM XXI. 

A gentleman has a bottle containing 12 pints of wine, 6 of which he js desirous of 
giving to a fiiend ; but as he has nothing to measure it, except two other bottles, one 
of 7 pints, and the other of 5, how must he manage, to have the 6 pints in the bottle 
capable ofecontaining 7 pints f 

This problem is of the same nature as the preceding, and may be solved in the 
like manner. Let t represent the twelve-pint, s the seven-pint, and p the five-pint 
bottle. The bottle t is full, and the other two, 8 and f, are empty, 12 7 5 

as seen at o. Fill the bottle f with wine from t, so that T shall con- T s p 

tain only 7 pints, as seen at h; then pour into s the wine contained in o 12 0 0 

F, which will remain empty, and the bottle s will contain 5 pints, as H 7 0 5 

seen at i ; having filled f from t, the latter will contain only 2 pints, i 7 5 0 

the bottle b will contain 5, and the bottle f will be full, as seen at r ; K 2 5 5 

in the next place fill s from f, and t will still contain only 2 pints, l 2 7 3 

while 8 contains 7, and f 3, as seen at l ; then empty s into t, and m 9 3 0 

P into s, by which means t will contain 9 pints, and s 3, f remaining n 4 7 1 
empty, as seen at m : fill f from t, and pour from f into s as much as o 11 10 

will fill it, so that there will then be 4 pints in t, 7 pints in s, and 1 p 6 6 0 
pint in f, as seen at n : pour the 7 pints from s into t, and the pint contained in f 
into 8, after which t will contain 11 pints, s 1, and f will be empty, as seen at o. 

In the last place, having filled the five-pint bottle f from the bottle t, and poured 
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these 5 pints from f into b» which already contains 1, it will be found that t contains 
6 pints, and that s contains 6 also ; so tW the desired result has been obtained. 

PROBLEM xxn. 

To fnake the knight move into all the squares of the chess hoard, in succession, without 
passing twice over the same. 

As the reader perhaps may be unacquainted with the 
movement of the knight at the game of chess, we shall 
here explain it. The knight being placed in the square 
A, cannot move into any of those immediately surround- 
ing it, as 1, 2, 3, 4, 5, 6, 7, 8; nor into the squares 9, 

10, 11, 12, which are directly above or below, and on 
each side of it; nor into the squares 13, 14, 15, 16, which 
are in the diagonals ; but only into one of those which, 
in the annexed figure, are empty. 

Several eminent men have amused themselves with this problem, such as Mont- 
mort, Demoi\re, and Mairan, and each of these has given a solution of il. In those 
of the two former, the knight is supposed to be placed at first in one of the angular 
squares of the chess board ; in that of the third, he is suppo‘»ed to begin to move 
from one of the four central squares ; but in our opinion it was not known, till 
within these few years, that placing the knight in any square whatever, he may be 
made to traverse the w'hole chess board, and even in such a mariner that, without 
returning the same way, he shall pass a second tune over the board under the like 

conditions. For this last solution we are indebted to M. W a captain in the 

Kinski regiment of dragoons, in the imperial service. 

We shall here give four tables, representing these four solutions, with an explana- 
tion and some remarks. 

I. M, MontmorU II. Demoivre. 
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III. M. Mmran. IV. 3f. IT- 
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Of these four ways of resolving the problem, that of Demoivre is doubtless the 
easiest to be remembered ; for the principle of his method consists in filling up, as 
much as possible, the two exterior bands, which form as it were a border, and not 
entering the third, till there is no other method of moving the knight from the place 
where he is, to one of the two first, a rule which in the clearest manner subjects the 
movement of the knight to a certain necessary progress, from his first step to the 
jK)th, and beyond it ; for from the cell marked 50 there is no choice in placing him, 
except on those marked 51 and 63 ; but the cell 51 being nearer the band, ought to 
be preferred, and then the movement must necessarily be through 52, 53, 54, 55, 56, 
57, 58, 59, 60, 61. When he arrives at 61. it is a matter of inditTerence whether be 
be placed in the cell marked 64, for be may thence proceed to the last but one 63, 
and end at 62 ; or be placed in 62, to proceed to 63, and end at 64. It may therefore 
be said that the movement of the knight in this solution is almost constrained. 

The ease is not the same with the fourth, which it is difficult to practise in any 
other manner than from memory ; but it is attended with one very great advantage, 
which is, that you may begin, as already said, at any cell at pleasure ; because the 
author took the trouble to bring the knight at the conclusion to a place from which 
be can pass into the first. His movement therefore is in some measure circular, and 
interminable, by adhering to the condition of not passing twice over the same cell, 
till after 64 steps. 

It may be readily seen, that to make the knight perform this movement without 
confusion, the cell he has quitted must be marked at each step. For this purpose a 
counter may be placed in each cell, and removed as the knight passes over it ; or, 
what will be still better, a counter may be placed in each cell when be has passed it. 

PBOBLEM xzni. 

To distribute among 3 persons, 21 casks of wine, 7 of them full, 7 of them empty, and 
7 half full^ so that each shall have the same quantity of wine, and the same number 
of casks. 

This problem admits of two solutions, which may he clearly comprehended \ry 


means of the two following tables. 



Persons. fiOl casks. 

empty. 

half fhll. 

C 1st 2 

2 

3 

I. ^ 2d 2 

2 

8 

eSd 3 

3 

1 
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Penoas. 

fill! casks. 

empty. 

half ftill. 

V Ist 

3 

3 

1 

• 11. ^2d 

3 

3 

1 

(8d 

1 

1 

5 

It is evident that, in these two combinations, each person will have 7 casks, and 

casks of wine. 




But it may be easily 

seen that the whole number of the casks must be divisible by 

the number of persons, otherwise the thing required would be impossible. 

It will be found, in like manner, that if 24 casks were to be divided among 3 per- 

ions, under the same conditions, we should have three different solutions, as follow : 

Persons. 

ftill casks. 

emptj. 

half fuU. 

(1st 

3 

3 

2 

1. ^2d 

3 

3 

2 

(3d 

2 

2 

4 

(1st 

2 

2 

4 

II. ^2d 

2 

2 

4 

(3d 

4 

4 

0 

( 1st 

1 

1 

6 

III. •{2d 

3 

3 

2 

(3d 

4 

4 

0 

If there should be 27 casks to be divided, there would be 

three solutions also : 

PetiODj. 

full casks. 

empty. 

half full. 

Cl3( 

3 

3 

3 

I. ^2d 

3 

3 

3 

(3d 

3 

8 

3 

(Ist 

1 

1 

7 

II. ] 2d 

4 

4 

1 

(3d 

4 

4 

1 

(Ist 

2 

2 

5 

III. ] 2d 

3 

3 

3 

(8(1 

4 

4 

1 


CHAPTER XL 

CONTAINING SOME CURIOUS ARITHMETICAL PROBLEMS. 

PROBLEM 1. 

A gentleman^ in hit will, gave orders that Ms property should he divided among his 
children in the following manner :^The eldest to take from the whole £1000, and the 
*lthpart of what remained: the second £2000, and the 7 th part of the remainder; 
the third £3000, and the 7th part of what was left ; and so on to the last, always 
increasing by £1000. TTie children having followed the disposition of the testator, it 
was found that they had each got an equal portion : how many children were there, 
what was the father* s property, and to how much did the share of each child amount f 

It will be found by analysis, that the father s property was £36000 ; that there 
were 6 children, and that the share of each was £6000. 

Thus, if the first takes £1000, the remainder of the property will be £35000, the 
7th part of which £5000, together with £1000, makes £6000. The remainder, after 
deducting the first child’s portion, is £30000, from which if the second takes £2000, 
the remainder will be £28000, but the 7th part of this sum is £4000, which if added 
to the above £2000, will make £6000, and so on. 
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PROBLEM II. 

A gentleman meeting a certain number of heggarst and being desiroue to distnbuU 
among them all the money he had about him^ finds that if he gave sixpence to each he 
would have 2$. too little ; but that by giving each a groats he would have 2o. Qd, over : 
how many beggars were there^ and what sum had the gentleman in his pocket f 

There were 28 beggars, and the gentleman had in his pocket 12 shillings ; for if 28 be 
multiplied by 6, the product will be 168, from which if 2 shillings or 24 pence be sub- 
tracted, as he wanted 24 pence to be able to give each sixpence, the remainder will 
be 144 pence = 12 shillings ; but by giving each of the beggars 4 pence, he had 
occasion only for 112 pence, or 4 times 28 ; consequently he had 32 pence, or 2s. Qd. 
remaining. 

PROBLEM m. 

A gentleman purchased for £110. a lot of wine^ consisting o/lOO bottles of Burgundy ^ 
and 80 of Champagne ; and another purchased at the same price, for the sum of 
£95, 85 bottles of the former, and 70 of the latter : what was the price of each kind 

of wine f , 

» 

It will be found that the Burgundy cost 10s. per bottle, and the Champagne 15s. 
as may be easily proved. * 

PROBLEM rv. 

A gentleman, on his death-bed, gave orders in his will, that if his lady, who was then 
pregnant, brought forth a son, he should inherit two thirds of his property, and the 
widow the other third ; but that if she brought forth a daughter, the mother should 
inherit two thirds, and the daughter one third; the lady however was delivered of two 
children, a boy and a girl, what was the portion of each f 

The only difficulty in this problem is to discover, in what manner the testator 
would have disposed of his property, had he foreseen that his lady would have been 
delivered of two children. It has generally been explained in the following manner : 
As the testator desired that if his wife brought forth a boy, the latter should have 
tyvo thirds of his property, and the mother the other third, it hence follows that his 
intention was to give the son a portion double to that of the mother ; and as he gave 
orders that in case she brought forth a daughter, the mother waa to have two thirds 
of the property, and the daughter the other, there is reason to conclude that he 
intended the portion of the mother to be double that of the daughter. Consequently, 
to combine these two conditions, the property must be divided in such a manner, 
that the son may have twice as much as l^e mother, and the mother twice as much 
as the daughter. If we therefore suppose the property to be £30000, the share of 
the son will be £171421^, that of the mother £^7)f, and that of the daughter 
£42851^. 

As a supplement to this problem, another is differently proposed. In case the 
mother should be delivered of two sons and a daughter, in what manner must the pro- 
perty be divided ? 

In our opinion, no other answer can be given to this question, than what would be 
given by the gentlemen of the bar; that the will, in such a case, would be void; for 
a child having been omitted in the will, all the laws with which we are acquainted 
would pronounce its nullity : 1st, because the law is precise ; and 2d, because it is 
impossible to determine what would have been the disposition of the testator, had he 
had two sons, or had he foreseen that his wife would be delivered of two. 
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PROBLEM V. 

A brazen /i<m, placed in the middle of a reservoir, throws out water from its mouth, its 
eyes, and its right foot. When the water flows from its mouth alone, it Jills the reservoir 
in 6 hours / from the right eye it Jills it in 2 days ; from the left eye in 3 , and from the 
foot in 4 . In what time will the bason be filled by the water flowing from all these aper- 
tures at once t 

To solve this problem it must be observed, that as the lion, when it throws the 
water from its mouth, fills the bason in 6 hours, it ran fill ^ of it in an hour ; and 
that as it fills it in 2 days when it throws the water from its right eye, it can fill ^ of 
it in an hour. It will be found, in like manner, that it can fill 1/3 of it in an hour 
when the water flows from its left eye, and when it flows from its foot. By 
throwing the waters from all these apertures at once, it furnishes in an hour J + A 
A + A' these fractions added together are equal to 3^. We must therefore make 
the following proportion : If 5®^ are filled in one hour or GO minutes, how many 
minutes will the whole bason, or f||, require : or as 61 is to 288 , so is I hour, to the 
answer, which will be 4 b. 43 m. 16 ^ seconds. 

PROBLEM vr. 

* 

A mule and an ass travelling together, the ass began to complain that her burthen was 
too heavy. ** Lazy animal said the mule, ** you have little reason to complain ; for 
if I take one of your bags, I shall have twice as many as you, and if I give you one of 
mine we shall then have only an equal number.’* With how many hags was each loaded f 

This problem, which is one of those commonly proposed to beginners in Algebia, is 
taken from a collection of Greek epigrams, known under the name of the Anthology ; 
and has been translated, almost literally, into Latin as follows: 

Una cum mulo vinum portal>at asella, 

Atque suo graviter sub pondere preasa gemohat. 

Talibus at dictis mox incrupat ipsc gementem : 

Mater, quid lupes, tenerae de more puellse 7 
Dupla tuis, si des mensuram, pondera gestu: 

At si mensuram accipia'«,eequalia porto. 

Die mibi mensuras, sapiens geometer, istas 7 

The analysis of this problem has also been expressed in indiflferent Latin verses, 
which we shall here give, to gratify the reader's curiosity. 

Unam asina accipiens, amittens mnlam et unam 
Si fiant seqiii, certe utrique ante duobus 
Distabant a se. Accipiat si mulus at uuaro, 

Amittatquu aiuaa unam, tunc di:>tantia fiet 
Inter ckm quatuor. Muli at cum pondera dupla 
Sint asinas, huic simplex, miilo est distantia dupla. 

Ergo babet haec quatuor tantum, miilusque hab^ octo, 

Unam asiuae si addas, si reddat mulus et unam, 

Mensuras quinque hsic et septem mulus bubebunt. 

That is : ** As the mule and the ass will both have equal burthens when the for- 
mer gives one of his measures to the latter, it is evident that the difference between 
the measures which they carry is equal to 2. Now if the mule receives one from the 
ass, the diflference will be 4 ; but in that case the mule will have double the number 
of measures that the ass has ; consequently the mule will have 8, and the ass 4. If 
the mule then gives one to the ass, the latter will have 5 and the former 7 these 
were the number of the measures with which each was loaded, and which solve the 
problem. 

This problem, which might be expressed in a great variety of forms, is not the only 
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one furnished by the Greek Anthology. The following are a few more, translated 
into the Latin verse by Bachet de Meziriac, who inserted them in a note to one of the 
problems of Diophantus. 

Anrea mala ferunt ChariteSi aeqnalia odqae 
Mala inaunt calatho ; Musarum hia c^ia turba 
Mala petunt, Charites cnnctis aqualia donant ; 

Tunc asqualia tres contingit habere, novemque : 

Die quantum dederint numerus tit at omnibus idem t 

That is : ** The three Graces, carrying each an equal number of oranges, were met 
by the nine Muses, who asked for some of them ; and each Grace having given to 
each Muse the same number, it was then found that they bad all equal shares t How 
many had the Graces at first ?” 

The least number which will answer this problem is 12 ; for if we suppose that 
each Grace gave one to each Muse, the latter would each have three ; and there 
would remain 3 to each Grace. 

The numbers 24, 36, 48, &c., will also answer the question ; and after the distri- 
bution is made, each of the Graces and Muses will have 6, or 9, oi* 12, &c. 

II. 

Die, Hcliooniadum decus O sublime Soromm, 

Pythngora, tua quot t3rrone8 tecta frequentent, 

Qiii, sub te, Sophias sudant in agone magistro 7 
JJicam; tuque ammo meu dicta, Poiycrates, haun; 

Dmiidia horiiin pars praedara matliemata discit, 

Quarta inimortaletn naturam nosse laborat ; 

Septima, sed tacitc, sedet atque audita revolvit ; 

Tres sunt focmiuei sexus. 

•* Tell me, illustrious Pythagoras, how many pupils frequent thy school ? One 
half, replied the philosopher, study mathematics, one fourth natural philosophy, one 
seventh observe silence, and there are thiee females besides.’^ 

The question here is, to find a number, the and ^ of which 8, shall be 

equal to that number. It may be easily replied that this number is 28. 

HI. 

Dio quota nunc bora est T Superest tantnm ecoe diei 
Quantum bis gemmi exacts de luce trientes. 

“ A person being a»ked what o’clock it was, replied, the hours of the day which 
remain, are equal to J of those elapsed.’* 

Jf we divide the day, as the ancients did, into 12 equal portions, the question will 
be to divide that number into two such parts, that J of the first may be equal to the 
second ; in this case the result will be 5i( for tbe number of the hours elapsed; and 
consequently for the remainder of the day 6f hours. 

IV. 

Hie Diophantus habet tumulum, qui tempom rite 
lllius niira denotat arte tibi. 

Egit sextHUtem juvenis, lanugine malat 
Vestire bine coepit parte duodecima. 

Septan to uxori post Lsec sodatur et anno 
Formosns quinto nascitur inde puer. 

SemiBscm eetatis postquam attigit ille patemss, 

Infehx Bubita morte peremptus obit. 

Quatuor cestates genitor lugere siipenteB 
Cogitur, liinc annos iiliua assequere. 

** This is the epitaph of the celebrated mathematician Diophantus. It tells us that 
Diophantus passed the sixth part of his life in childhood, and the twelfth part in the 
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state of youth ; that after a seyenth part of his life aud five years more were elapsed, 
he had a son, who died when be bad attained to half the age of his father, and that 
the latter survived him only four years.** 

To resolve this problem, we must find a number, the J, A» 4» i of which + 5 
4, shall be equal to the number itself. This number is 84. 

PaOBLEM VII. 

The sum of £500 having been divided among four persons^ it was found that the 
shares of the first two amounted to £285; those of the second and third to 
£220; those of the third and fourth to £215; and that the share of the first 
was to that of the last as 4 to 3. What was the share of each f 

The solution of this problem is exceedingly easy. The first had £160, the second 
£125, the third £95, and the fourth £120. 

It is to be observed, that without the last-mentioned condition, or a fourth one ot 
some kind or other, the problem would be indeterminate ; that is to say, would be 
susceptible of a great many answers: the last condition however limits it to one 
only. 

PROBLEM VIII. 

A labourer hired himself to a gentleman on the following conditions : for every day 
he worked he was to receive 2s. 6d . ; but for every day he remained idle he 
was to forfeit Is. 3d. : after 40 days* service he had to receive £2. 15s. How 
many days did he work^ and how wany remain idle f • 

He worked 28 days of the 40, and remained idle 12. 

’ PROBLEM IX. 

\ 

A hill of exchange, of £2000 was paid with half guineas and crowns ; and the 
number of the pieces of money amounted to 4700. How many of each sort were 
employed f 

There were 3000 half guineas and 1700 crowns. 

The solution of this and that of the preceding problem are left as exercises for the 
young student. 

PROBLEM X. 

A gentleman, having lost his purse, could rwt tell the exact sum it contained, hut 
recollected that when he counted the pieces two hy two, or three hy three, or five 
hy five, there always remained one; and that when he counted them seven hy 
seven, there remained nothing. What was the number of pieces in his purse f 

It may be readily seen that, to solve this problem, nothing is necessary but to find 
a number which when divided by 7 shall leave no remainder ; and which when 
divided by 2, 3, 5, shall always leave 1. Several methods may be employed for this 
purpose ; but the simplest is as follows : 

Since nothing remains when the pieces are counted seven by seven, the number of 
them is evidently some multiple of 7 ; and since 1 remains when they are counted 
two by two, the number must be an odd multiple : it must therefore be some of the 
series 7 , 21, 35, 49, 63, 77 , 91, 105, &c. 

This number also, when divided by 3, must leave unity ; but in the above series, 7, 
49, and 91, which increase arithmetically, their difference being 42, are the only 
numbers that have the above property. It appears likewise, that if 91 be divided 
by 5, there will remain I ; and we may thence conclude that the first number which 
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answers the question is 91 1 for it is a multiple of 7, and being divided by % 3, or b, 
the remainder is alwys 1. 

Several more numbers, which answer this question, may be found by the following 
means: continue the above progression, in this manner: 7,49, 91, 183, 175, 217, 
259, 301, until you find another term divisible by 5, that leaves unity ; this term 
will be 301, and will also answer the conditions of the problem ; but the ditference 
between it and 91 is 210, from which it may be concluded, that if we form the pro- 
gression : 

91, 301, 511, 721, 931, 1141, &c. 
all these numbers will answer the conditions of the problem also. 

It would therefore be still uncertain what money was in the purse, unless the 
owner could tell nearly the sum it contained. Thus, for example, if he should say 
that there were about 500 pieces in it, we might easily tell him that the number was 
511. 

Let us now suppose that the owner had said, that when he counted the pieces two 
by two there remained 1 ; that when he counted them three by three there remained 
2; four by four, 3 ; five by five, 4; six by six, 5; and, in the last place, that when 
he counted them seven by seven, nothing remained. 

It is here evident that Ihe number, as before, must be an odd multiple of 7, and 
consequently one of the series 7, 21, 35, 49, 63, 77, 91, 105, &c. But the numbers 
35 and 77, of this series, answer the condition of leaving 2 as a remainder when 
divided by 3, and their difference is 42. For this reason we must form a new arith- 
metical progression, the difference of which is 42, viz. 

35, 77, 119, 161, 203, 245, 287, Sec. 

We must then seek for two numbers in it, which when divided by 4 shall leave 
3 as remainder. Of this kind are the numbers 35, 119, 203, 287 *, and therefore we 
must form a new progression, the difference of the terms of which is 84. 

35, 119, 203, 287, 371, 455, 539, 623, &c. 

Ill this new progression we must seek for two terms, which when divided by 5, 
shall leave 4 ; and it will be readily seen that these numbers are 1 19 and 539, the 
difference of which is 420. A series of terms therefore which answer all the con- 
ditions of the problem except 1, is 

^ 119, 539, 959, 1379, 1799, 2219, 2639, &c. 

Blit the last condition of the problem is, that the required number, when divided 
by 6, leaves 5 as remainder. This property belongs to 119, 959, 1799, &c., always 
adding 840 ; consequently the number sought is one of those in that progression. 
For this reason, as soon as we know nearly within what limits it is contained, we 
shall be able to determine it. 

If the owner therefore of the purse had said, that it contained about 100 pieces, 
the number required would be 119; if he had said there were nearly 1000, it would 
be 959, &c. 

Remark . — The solution of this problem, according to the method taught by Oza- 
nam, would be imperfect. For after finding the smallest number which answers the 
conditions of the problem, viz. 119, he would merely say, 4bat to obtain the other 
numbers which answer them, the numbers 2, 3, 4, 5, 6, 7, ought to be successively 
multiplied together, and their product 5040 added to 119, the first number found: 
this would give the number 5159, which would answer the proposed conditions also. 
But it may be readily seen, that there are several other numbers, between 119 and 
5159, which answer these conditions, viz. 959, 1799, 2639, 3479, 4319. 

In treating of chronology, we shall give the solution of another problem of the 
same kind ; viz.. To find any year of the Julian period, the golden number, cycle of 
the sun, and cycle of iiidiction, for that year, being given. 
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A turn of money, placed out at a certain intereet, increaeed in 8 months to £8616. 
iSi. 4d. ; and in two years and a half it amounted to £3987. JOtf* What was 
the original capital, and at what rate of interest was it placed out f 
That young algebraists may bavd an opportunity of exercising their own ingenuity, 
we shall here give the answer only of this problem. By employing the proper 
means of analysis, they will- find that if r = the in terest of one pound for a year, a 

the first amount and b the second, that r= which, with the given value of 

15 a — 4 0 

a and b, gives r = ^th of a pound, or the rate £5. per cent, per annum ; and hence 
the capital is easily found to be £3500. 

PROBLEM XII. 

Three women went to market to sell eggs; the fiist of whom sold 10, the second 
25, and the third 30, all at the same price. As they were returning, they began 
to reckon how much money they carried back^ and it was found that each had 
the same sum. How many eggs did they sell, and at what price f 
It is evident that, to make what is announced in this problem possible, these women 
must have sold their eggs at two different times, and at different prices; for if the 
one who had the least number of eggs sold a very small number at the lowest price, 
and the remainder at the highest, while the one who had the greatest number sold 
the greater part at the lowest price, and could sell only a very small number at the 
highest, it may be easily seen that they might have got equal sums of money. 

The question then is to divide each of the numbers 10,25, 30, into two such parts, 
that if the first part of each be multiplied by the first price, and the second by the 
second, the sum ot the two products shall be equal. 

This problem is indeterminate, and susceptible of ten different solutions. It is, in 
the first place, necessary that the difference of the prices of the first and the second 
sale shall be an exact divisor of 15, 20,5, the differences of the three numbers given ; 
but the least divisor of these three numbers is 5, and for this reason the prices must 
be 6 and 1, or 7 and 2, or 8 and 3, &c. 

If we suppose the two prices to be 6 and J, we shall have seven different solu- 
tions, as seen in the following table : 



Women. 

lat sale. 

2d sale. 

Total amount. 


f 1st. 

4 eggs at 6d. 

6 at Id. 

30 

I. 

•^2d. 

1 

24 

30 


C3d. 

0 

30 

30 


( 1st. 

5 

5 

35 

11. 

<2d. 

2 

23 

35 


C3d. 

1 

29 

35 


fist. 

G 

4 

40 

III. 

^2d. 

3 

22 

40 


f 3d. 

2 

28 

40 


f Ist. 

7 

3 

45 

IV. 

i2d. 

4 

21 

45 


C3d. 

• 3 

27 

45 


fist. 

8 

2 

50 

V. 

^2d. 

5 

20 

50 


C8d. 

4 

26 

50 


fist. 

9 

1 

55 

VI. 

4 2d. 

6 

19 

55 


C3d. 

5 

25 

55 


fist. 

10 

0 

60 

VII. 

^2d. 

7 

18 

60 


C8d. 

6 

24 

60 



AM17tllN0 PROBLSMt. 89 

If we luppoie the two prices to be 7 end 2, we shall have idso the three ibllowing 
solutions : 


Women. 

1st sale. 


Total amoont. 

nst. 

6 eggs at 7d. 

2 at 2<f. 

60 

I. ^2d. 

2 

28 

60 

(3d. 

0 

30 

60 

(1st. 

9 

1 

65 

II. ■{2d. 

8 

22 

65 

(3d. 

1 

29 

65 

(Ist. 

10 

0 

70 

III. ■{2d. 

4 

21 

70 

(8d. 

2 

28 

70 


It would be needless to try 8 and 3, or any other number, as no solution could be 
obtained from them, for reasons which will be seen hereafter. 

JReniarAs.— We are told by M. de Lagny, in the second part of his “ Arithmetique 
Universelle,*’ p. 456, that this question is susceptible of no more than six solutions ; 
but the author is here mistaken, for we have pointed out ten. As it may afford plea- 
sure to those who are studying algebra, to be made acquainted with the method em- 
ployed for obtaining them, we think it our duty here to give it. 

We shall call the price at which the women sold the first time u ; and that at 
which they sold the second t’me p. 

If X then be the number of the eggs sold by the first woman, at the price u, the 
number of those sold at the price p will be 10 — dr ; the money arising from the first 
sale will be x «, that of the second will he 10 p p and the sum total will be x u 
+ lOp — p X. If be the number of eggs sold by the second woman, at the first sale, 
we shall have u z for the money arising from the first sale, and 25 p — p x for that 
arising from the second, making together ZM-|-25p--pz; 

111 like manner, if y represent the number of eggs sold, the first time, by the third 
woman, we shall have u y for the money arising from the first sale, 30 p — p y for 
that of the second, and for the total of the two sales u y -f- SOp — p y. But, by 
the supposition, these three sums are equal; consequently xw + lOp — px = XM 
+ 25p — pz = tty+30p — py, from which we obtain the three following new 
equations : 

XU — p xz:zzu — p 15 p 
xM — px = My— •py-|-20p 
2 M — pz = tty— py4-5p 

And dividing the whole by n — p, we have these three others, viz., 



tt— P 

I 5 p 

zzzzy + ^JfJL. 

tt— p 


from which it may be concluded, that u — p must be a divisor of 15, 20, and 5, 

otherwise , would not be integral numbers, which it is iie- 

u — p u — p u — p 

cessary they should be. But the only number which is a divisor of 15, 20, and 5, is 
5, which shews that the prices of the two sales could be only 5 and 0, 6 and 1, 7 and 
2, 5 and 3, &c. 

It may be easily seen, that the supposition of 5 and 0 will not answer the con- 
ditions, since in that case there would have been only one sale. 

We must therefore try the second supposition, 6 and 1, viz. u s 6 and p = 1, which 
gives for the two last equations, x=:y-f-4, z=y+l» 
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But we have here three unknown quantities, and only two equations ; for which 
reason one of these unknown quantities must be assumed at pleasure. Let us take 
y, and first suppose it = 0. 

This will give :r =: 4, and r rs: 1, and we shall have the first solution, which shews 
that the first woman sold the first Hme 4 eggs at 6 pence each, and consequently, 
the second time 6 at 1 pfinny each ; while the second sold 1 the first time at 6 pence, 
and the other 24 at 1 penny each, and the third sold all her eggs at the second price : 
they would then all have 30 pence each. 

By making y = L we shall have the second solution. 

By making y == 2, we shall have the third. 

By making y = 3, we shall have the fourth. 

By making y = 4, we shall have the fifth. 

By making y = 5, we shall have the sixth. 

By making y = 6, we shall have the seventh. 

We cannot suppose y to be greater than 6, because then we should have x = 10 ; 
which is impossible, as the first woman has only 10 eggs to sell. 

We must therefore proceed to the following supposition, viz. u = 7> and /) = 2, 
which gives two, equations, x = y-}-8; 2=:y-|-2. 

If y here be first made = 0, we shall have x = 8, and z = 2, which gives the 
eighth solution. 

By making y ;= 1, we shall have the ninth. 

By making y = 2, we shall have the tenth. 

But y cannot be made greater, for then x would be greater than 10, which is im- 
possible. 

It would be useless also to try for the values of u and p, 8 and 3 ; for these would 
necessarily give to x a value greater than 10, which cannot be the case. 

Wc may therefore rest assured that the problem is susceptible of no more solu- 
tions than the ten above-mentioned. 

PROBLEM xin. 

To find the number and the ratio of the weights with which any number of pounds, 
from unity to a given number, can he weighed in the simplest manner. 

Though this problem on the first view seems to belong to mechanics, it may be 
readily seen that it is only an arithmetical question : for, to solve it, nothing is ne- 
cessary but to find a series of numbers beginning with unity, which, added or sub- 
tracted from each other in every way possible, shall form all the numbers from unity 
to the greatest proposed. 

It may be solved two ways ; either by addition alone, or by addition combined with 
subtraction. In the first case, the series of weights which answers the problem, 
is that of the numbers increasing in double progression ; in the second, it is that of 
those in the triple progression. 

Thus, for example, with weights of 1 pound, 2 pounds, 4 pounds, 8 pounds, and 
16 pounds, we can weigh any number of pounds up to 31 : for, with 2 and 1 we can 
form 3 pounds; 'with 4 and 1, 5 pounds; with 4 and 2, 6 pounds ; with 4, 2, and 1, 

7 pounds, &c With the addition of a weight of 32 pounds, we can weigh as far as 
63 pounds ; and so on, doubling the last weight, and deducting from that double 
unity. 

But by employing weights in the triple progression, 1, 3, 9, 27, 81, all weights from 

1 pound to 121 can be weighed with them : for, with the second less the first, that 
is to say, putting the first into one scale and the second into the other, wc cfan make 

2 pounds ; by putting both in the same scale, we can form 4 pounds ; by putting 9 
on the one side and 3 and 1 on the other, 5 pounds ; by 9 on the one side and 
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3 on the other, 6 pounds ; by 9 and I on the one side and 3 on the other, 7 pounds ; 
and so on. 

It is here evident that this last method is the simplest, being that which requires 
the least number of different weights. 

Both these progressions are more advantageous than any of the arithmetical ones ; 
as will appear on trial ; for if the increasing arithmetical weights, 1> 3, 3, 4, &c. were 
employed, Id would be necessary to weigh 120 pounds ; to weigh 121 with weights 
in the increasing progression 1, 3,5, 7, &c., 11 would be required. No other pro- 
gression would make uj^ all the weights possible, from 1 pound to the greatest re- 
sulting from the whole of the weights. The triple proportion therefore is the moat 
convenient of all. 

The solution of this problem may be of the greatest utility in commerce, and the 
ordinary concerns of life, as it affords the means of weighing any weight whatever 
with the least possible number of different weights. 

PROBLEM XIV. 

A country woman carrying eggs to a garrison^ where she had three guards to pass, 
sold at the first, half the number she had and half an egg more ; at the second, 
the \alf of what remained and half an egg mores and at the third, the half of 
the rematm er and half an egg more : when she arrived at the market place, she 
had three dozen still to sell. How was this possible without breaking any of the eggs f 

It would appear, on the first view, that this problem is impossible ; for how can 
half an egg be sold without breaking any ? The possibility of it however will be 
evident when it is considered, that by taking the greater half of an odd number, we 
take the exact half + J. It will be found therefore that the woman, before she passed 
the last guard, had 73 eggs remaining, for by selling 37 of them at that guard, which 
is the half *4- she would have 36 remaining. In like manner, before she came to 
the second guard she had 147 ; and before she came to the first, 295. 

This problem might be proposed also in a different manner, as follows : 

PROBLEM XV, 

A gentleman went out with a certain number of guineas, in order to purchase 
necessaries at different shops. At the first he expended half his guineas and 
half a guinea more ; at the second, half the remainder and half a guinea more : 
and so at the third. When he returned he found that he had laid out all his 
money, without having received any change. How was this possible f 
He had 7 guineas, and at the first shop expended 4, at the second 2, and at the 
third 1 ; for 4 is the half of 7 and J more ; the remainder being 3, its half is 1 J, and 
^ more makes 2 ; but 2 taken from 3 leaves 1, the half of which is and J makes 
1 ; consequently nothing more remains. 

Remark — If the number of places at which the gentleman expended all his money 
were greater, nothing would be necessary but to raise 2 to such a power, that the 
exponent should be equal to the number of places, and to diminish it by unity. 
Thus, if there were 4, as the fourth power of 2 is 16, the required number would be 
15 ; if there were 5, the fifth power of 2 being 32, the required number would be 31. 

PROBLEM xvi. 

Three persons have each such a number of crowns, that if the first gives to the 
other two as many as they each have ; and if the second and third do the same ; 
they will then all have an equal number, namely 6, How many has each f 
The first has 13, the second 7, and the third 4 ; as may be easily proved, by dis- 
tributing the crowns of each as announced in the problem. 
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PROBLEM XTH. 

A wine merchant who hat only ttoo tarts of wintf one of which he sells at 10«., 
and the other at 5s. per hottle^ being asked for some at 8s, per bottle, wishes to 
know how many bottles of each kind he must mix together, to form wine worth 
8s. per bottle f 

The difference between the highest price, 10s., and the mean price required, is 2 ; 
and that between the mean price and the lowest is 3 ; which shews that he must take 
3 bottles of the wine at the highest price, and two of that at the lowest. This mix- 
ture will form 5 bottles, worth 8s. each. 

In problems of this kind, in general, as the difference between the highest price 
and the mean price, is to the difference between the mean price and the lowest, so is 
the number of measures at the lowest price, to that of those at the highest, which 
must be mixed together to have a similar measure at the mean price. 

PROBLEM XVITI. 

A gentleman is desirous of sinking £100,000, which together with the interest is to 
become extinct at the end of 20 years, on condition of receiving a certain annuity 
during that time. What sum must the gentleman receive annually, supposing in- 
terest to he at the rate office per cent.f 

The sum which the gentleman ought to receive annnally is £8014. 19s. 2d. 1*7/. 

If the number of years were small, for example 5, this problem might be resolved, 
without algebra, by the retrograde method, and false position ; for if we suppose the 
sum, which at the last year exhausts the capital and interest, to be £10,000, we shall 
find that the capital alone at the commencement of that year was £9523 ^ ; and if 
we add the £10,000, which were paid at the end of the year preceding the last, the 
sum, £19523^, will be the capital increased with the interest of the 4th year ; con- 
sequently the capital at the beginning of that year was only £18594, ; whence it 
follows, that before the payment, at the end of the third year, the sum was £28594^, 
which represented the capital increased with the interest of the third year. By 
thus going back to the commencement of the first year, tlie original capital will be 
found to be £43294. 15s. 4d. We must then make the following proportion : As 
this capital is to the supposed sum of £10000, so is the sum to be sunk, on the 
above conditions, to the annuity, or sum to be received every year. 

But it may be readily perceived, that in the case of 20 or 30 years, this method 
would require very long calculations, which are greatly shortened by algebra.* 

PROBLEM XIX. 

What is the interest with which any capital whatever would he increased, at the 
end of a year, if the interest due at every instant of the year were itself to be- 
come capital and to hear interest? 

This problem, to be well understood, has need of explanation. A person might 
place out his money under this condition, that the interest due at the end of a month, 
which at the interest of 5 per cent, would make a 60th of the capital, should be added 
to the capital, and bear interest the following month at the same rate ; that at the 


* If a be dio capital, m tbe interest, and n the number of years ; the annuity or sum to be re* 
iixd + i)" 


oeirod every year, will be 

m X (1 + JL)”- 
m 

terest to be at d per cent., (m being then 


> which in the case of 30 years, and allowing in> 
3*0984 

30; will be found = a x 
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expiration of this month, the interest of the above sum, which would be a 60th 
^ of the original capital, should be still added to the capital, increased by the in- 
terest of the first month, and bear interest the following month, and so on to the end 
of the year. 

What is done here in regard to a month, might be done in regard to a day, ai» hour, 
a minute, or even a second, which may be considered as a part of the day infinitely 
small : the question then is to know, what in this case would be the interest pro- 
duced by the capital at the end of the year, the interest of the first second being at 
the rate of five per cent, or J,th. 

It might be supposed, on the first view, that this compound and super-compound 
interest would greatly increase the 5 per cent., and yet it will be found that it pro- 
duces an increase scarcely sensible ; for if the capital be 1, the same capital increased 
with simple interest, at five per cent., will be 1 -|- or 1 -j- and when in- 
creased with the interest accumulated every second, it will be l^j^, or rather, when 
expressed more exactly, 

PROBLEM XX. 

A dishonest butlert every time he went into his master's cellar^ stole a pint from a 
particular cask, which contained 100 pints, and supplied its place by an equal 
quantity of wa^er. At the end of 30 days, the theft being discovered, the butler 
was discharged. Of what quantity of wine did he rob liis master, and how much 
remained in the caskf 

It may be readily seen that the quantity of wine which the butler stole did not 
amount to 30 pints ; for the second time that he drew a pint from the cask, taking 
the hundredth part of what it contained, it had already in it a pint of water, and as 
he each day substituted for the liquor he stole a pint of water, he every day took 
less than a pint of wine. To lesolve, therefore, the problem, nothing is necessary 
but to determine in what progression the wine which he every day stole decreased. 

For this purpose, we must first observe, that after the first pint of wine was drawn, 
there remained in the cask no more than 99 pints, and the pint of water which had 
been added. When a pint therefore was drawn from the mixture, it was only ^ of 
a pint of wine ; but before the pint vras drawn, the cask contained 99 pints of wine ; 
consequently, after it was drawn, there remained 99 pints — that is to say or 
98 pints When the third pint was drawn, the wine contained in it would 

be only ^ -j- which being taken from the quantity of wine in the cask, viz. 
98^5 pints, would leave or 97 pints + . 

It must here be remarked, that ^ is the square of 99 divided by 100 ; and that 
is the cube of 99 divided by the square of 100, and so on ; consequently, when 
the second pint is drawn, the wine remwning will be the square of 99 divided by the 
first power of 100; after the third, it will be the cube of 99 divided by the square 
of 100, &c. Whence it follows, that after the 30th pint is drawn, the quantity of 
wine remaining will be the 30th power of 99 divided by the 29th power of 100. 
But it may be found, by logarithms, that this quantity is 73^, consequently the 
quantity of wine stolen is 26. 3.* 

* if the usual method of calculation were employed. It would be seccssary to find the SOth power 
00, which would contain not less than SO figures, and to divide it by unity followed by SB dphera ; 
whereas if logarithms be used, nothing is necessai^ but to multiply the logarithm of 90 by 80, which 
will give 906000560, and to subtract the product of the logarithm of 100 multiplied by 80, which 
is 680<H)0000. 'ilie remainder, 1860U560, is the logarithm of the required quantity ; which, in the 
tables, will be found to be nearly 73^ 
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PBOBLSa^ XXI. 


A imd B em perform a certain piece of work m 8 dope, A and C can do it in 9 
dap^ and B and C in 10 dapn hem nump dope wiU each of them require to per^ 
fern the name mark, when they labour separatelp t 

A wSU perform it in 14j| days ; B in 178 » and C in 2dj^ days. 


FROBLEX XXn. 


,i#fi JBnpliehman owes a Frenchman £h 11s.; but hoe no other money to pay his 
debt than seven ehilUnys pieces, and the Frenchman has only French crowns, valued 
at five shillings. How many seven shillings pieces must the Englishman give to 
the Frenchman, and how many crowns must the latter give to the former, that 
the difference shall be equal to 31 shillings in favour of the Frenchman, so that 
the debt may be paid 9 


The simplest numbers that answer this question, are 8 seven shillings pieces, and 5 
crowns ; for 8 seven shillings pieces make 56 shillings, and 6 crowns make 25 ; con- 
sequently their difference, of which the Frenchman has the advantage in this kind of 
exchange, is 31 shillings. 

This problem is susceptible of an infinite number of solutions ; for it will be found 
that the same result may be obtained with 13 seven shillings pieces and 12 crowns ; 
18 seven shillings pieces and 19 crowns; always increasing the number of seven shil- 
lings pieces by 5, and that of the crowns by 7. 

Bemark , — For the sake of young algebraists, we shall here give the analytical 
solution of this problem. Let x represent the number of the seven shillings pieces, 
and y that of the crowns ; 7 x then will be the sum given by the Englishman, and 
that given by the Frenchman will be = by. But as the difference of these two sums 
must be equal to 31, we shall have 7x — 5y =; 31 shillings ; consequently 7 a: = 31 

+ 5y, and x = = 4 -j- shillings. But a: is a whole number, and 4 

being one also, must be a whole number, and three times that quantity. 


which is ? = 1 -f-2y + must also be a whole number. Consequently 

must be a whole number, Pat it equal to u, then y=:7u — 2, and x, which 
is equal to = 5 « + 3. If « = J, then y =: 5, and x=:d. If a = 2, then 

y = 12, and a: = 13. If a = 3, then y = 19, and x = 18, &c. 


CHAPTER XII. 

OF KAGIC SQUARES. 

The name Magic Square, is given to a square divided into several other small 
equal squares or cells, filled up with the terms of any progression of numbers, but 
generally an arithmetical one, in such a manner, that those in each band, whether 
horizontid, or vertical, or diagonal, shall always form the same sum. 
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There are also squares in which the product of all the terms in each horizontal, o^ 
vertical, or diagonal band, is always the same. We shall speak of these also, but 
in a cursory manner, because they are attended with as little difficulty as the 
former. 

These squares have been called magic •qvarss, because the ancients ascribed to 
them great virtues ; and because this disposition of numbers formed the bases and 
principle of many of their talismans. 

According to this idea, a square of one cell, filled up with unity, was the symbol 
of the deity, on account of the unity and immutability of Qod ; for they remarked 
that this square was by its nature unique and immutable ; the product of unity by 
itself being always unity. 

The square of the root 2 was the symbol of imperfect matter, both on account of 
the four elements, and of the impossibility of arranging this square magically, as will 
be shewn hereafter. 

A square of 9 cells was assigned or consecrated to Saturn ; that of 16 to Jupiter ; 
that of 25 to Mars ; that of 36 to the Sun ; that of 49 to Venus ; that of 64 to Mer- 
cury : and that of 81, or nine on each side, to the Moon. 

Those who can find any relation between the planets and such an arrangement of 
numbers, must no doubt have minds strongly tinctured with superstition ; but such 
was the tone of the mysterious philosophy of Jamblichus, Porphyry, and their dis- 
ciples. Modern mathematicians, while they amuse themselves with these arrange- 
ments, which require a pretty extensive knowledge of combination, attach to them 
no more importance than they really deserve. 

Magic squares are divided into even and odd. The former are those the roots of 
which are even numbers, as 2, 4, 6, 8, &c. ; the latter of those the roots of which 
are odd, and w'hich, by a necessary consequence, have an odd number of cells ; such 
are the squares ot 3, 5, 7, 9, &c. As the arrangement of the latter is much easier 
than that of the former, we shall first treat of them. 

SECTION I, 

Of Odd Magic Squares. 

There are several rules for the construction of these squares ; but, in our opinion, 
the simplest and most convenient, is that which, according to M. de la Loubere, is 
employed by the Indians of Surat, among whom magic squares seem to be held in as 
much estimation as they were formerly among the ancient visionaries before men- 
tioned. 

We shall here suppose an odd square, the root of which is 5, and that it is 
required to fill it up with the first 25 of the natural numbers. In this case, begin 
by placing unity in the middle cell of the horizontal 
band at the top ; then proceed from left to right, as- 
cending diagonally, and when you go beyond the square, 
transport the next number 2 to the lowest cell of that 
vertical band to which it belongs ; set 3 in the next cell, 
ascending diagonally from left to right, and as 4 would 
go beyond the square, transport it to the most distant 
cell of the horizontal band to which it belongs ; set 5 in 
the next cell, ascending diagonally from left to right, 
and as the following cell, where 6 would foil, is already 
occupied by 1, place 6 immediately below 5 ; place 7 and 
8 in the two next cells, ascending diagonally, as seen in the figure ; and then, in 
consequence of the first rule of transposition, set 9 at the bottom of the last vertical 
band ; then 10, in consequence of the second, in the last cell on the left of the second 
horizontal band ; then 1 1 below it, according to the third rule : after which continue 
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iomiupttwdingonal with tb« numbers 12, 13, 14, 15; and as you can ascend no 
firtber^ place tbe following number 16 below 15 ; if you then proceed in the same 
manner, the remaining cells of the square may be filled up without any difficulty, as 
seen in tbe above figure. 

Tbe following are the squares of 3 and 7 filled up by tbe same method ; and as these 
examples will be sufficient to exercise such of our readers as have a taste for amuse- 
ments of this kind, we shall proceed to a few general remarks on the properties of a 
square arranged according to this principle. ' 
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1st. According to this disposition, the most regular of all, tbe middle number of 
the progression occupies the centre, as 5 in the square of 9 cells, 13 in that of 25, 
and 25 in that of 49; but this is not necessary in the arrangement of all magic 
squares. 

2d. In each of the diagonals, the numbers which occupy the cells equally distant 
from the centre, are double that in the centre : thus 30 + 20=s47 + 3 = 28-|-22 
s= 24 26, &c., are double tbe central number 25. 

3d. Tbe case is the same with tbe cells centrally opposite, that is to say, those 
similarly situated in regard to tbe centre, but in opposite directions both laterally 
and perpendicularly: thus 31 and 19 are cells centrally opposite, and tbe case is the 
same in regard to 48 and 2, 13 and 37, 14 and 36, 32 and 18. But it happens 
that, according to this magic arrangement, those cells opposite in this munncr, are 
always double the central number, being equal to 50, as may be easily proved. 

4th. It may be readily seen, that it is not necessary that the progression to be 
arranged magically, should be that of tbe natural numbers 1, 2, 3, 4, &c. : any 
arithmetical progression whatever, 3, 6, 9, 12, &c., or 4, 7, 10, 13, 16, &c., may be 
arranged in tbe same manner. 

5th. Nor is it necessary that the profession should be continued: it may be 
disjunct, and the rule is as follows. If tbe numbers of 
the progression, arranged according to their natural 
order in the cells of the square, exhibit in every direc- 
tion, vertical and horizontal, an arithmetical progres- 
sion, they are susceptible of being arranged magically 
in the same square, and by the same process. Let us 
take, for example, tbe series of numbers 1, 2, 3, 4, 5 ; 

7, 8, 9, 10. 11 ; 13, 14, 15, 10, 17; 19, 20, 21. 22. 23; 

25, 26, 27, 28, 29 : as these, when arranged in tbe cells 
of a square, every where exhibit an arithmetical pro- 
gression, they may be arranged magically ; and indeed, 
according to the above rule, they may be formed into the annexed magic square. 

Mosoopulus, a modern Greek author, and Bacfaet have also invented magic 
squares. But their methods are inferior to one contrived by M. Poignard, and Im- 
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proved by M. de la Hire. Of this method we now proceed to give a short 
account. 

Let it be required to fill up a square having an odd root, such as 5. Having con- 
structed the square of cells, place in the first horizontal row at the top, the five 
first numbers of the natural progression, in any order, at 
pleasure, which we shall here suppose to be 1, 3, 5, 2, 

4 ; then make choice of a number, which is prime to the 
root 5, and which when diminished by unity does not 
measure it : let this number be 3 ; and for that reason 
begin with the third figure of the series, and count 
from it to fill up the second horizontal band 5, 2, 4, 

1,3; then begin again by the next third figure, includ- 
ing the 5, that is to say by 4, which will give for the 
third band 4, 1, 3, 5, 2 ; by following the same process, 
we shall then have the scries of numbers 3, 5, 2, 4, 1, 
tq fill up the fourth band: continue in this mannei, always beginning at the third 
figure, the preceding included, until the whole square is filled up. This square will 
be one of the components of the required square, and will be magic ; for the sum of 
each band, whether horizontal, or vertical, or diagonal, is the same, as the five rnim- 
bers of the progression are contained in each without the same figure being ever 
repeated. 

Now construct a second geometrical square of 25 
cells, in the first band of which inscribe tbe multiples 
of the root 5, beginning W’ith a cipher, viz. 0, 5, 10, 

15, 20, and in any order at pleasure, such for example 
as 5, 0, 15, 10, 20 : then fill up the square according to 
the same principle as before, taking care not to assume 
the same number in the series always to begin with. 

Thus, for example, as in the former square, the third 
figure in the series was taken, in the present one the 
fourth must he assumed ; and thus we shall have a 
square of the multiples, as seen in the annexed figure. This is the second eompo- 
iient of the rcquiredunagic square, and is itself magic, since the sum of each band in 
every direction is the same. 

Now to obtain tbe magic square required, nothing is 
necessary hut to inscribe, in a third square ot 25 cells, 
the sum of the numbers found in the corresponding 
cells of the preceding two ; for example 5 -f- L or G, in 
the first on the left, at the top of the required .square ; 

0 -f- 3, or 3 in the second, and so on ; by these means we 
shall have the annexed square of 25 cells, which will 
necessarily be magic. 

By these means, any of the numbers may be made to 
fall in any cells at pleasure ; for example 1 in the central 
cell; nothing is necessary for this purpose, but to fill 
up the middle band with the scries of numbers in such 
a manner that 1 may he in the centre, as seen in the 
annexed figure ; and then to fill up the rest of the square 
according to the above principles, beginning at tbe 
highest band, when the lowest has been filled up. 

H 
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To form the second square, place a cipher in the 
centre, as seen in the annexed figure, and fill up the 
remaining cells in the same manner as before^ taking 
care not to assume the same quantities as in the forme): 
for beginning the bands. 
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In the last place, form a third square by adding to- 
gether the numbers in the similar cells, and you will 
have the annexed square, where 1 will necessarily 
occupy the centre. 
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Remarks I. We must here observe, that when the number of the root is not 

prime; that is, if it be 9, 15, 21, &c., it is impossible to avoid a repetition of some 
of the numbers, at least in one of the diagonals ; but in that rase it must be ar- 
ranged in such a manner, that the number repeated in that diagonal shall be the 
middle one of the progression; for example 5, if the root of the square be 9, 8 
if it be 15 ; and as the square formed of the multiples will be liable to the sanje 
accident, care must be taken, in filling them up, that the opposite diagonal shall 
contain the mean multiple between 0 and the greatest ; for example 36 if the root 
be 9; 105 if it be 15. 

II, The same thing may be done also in squares which have a prime number 
for their root. By way of example we shall here form a magic square of the first 
two of the following ones : 

1 2 3 



in the first of which 3 is repeated in the diagonal descending from right to left, 
and in the second 10 is repeated in the diagonal descending from left to right. 
This however does not prevent the third square, formed by their addition, from 
being magic. 

SECTION II. 


Of Even Magic Squares, 

The construction of these squares is attended with more difficulty than that of 
the odd squares, and the degree of difficulty is different, according as they are 
evenly even, or oddly even ; for this reason we must divide them into two 
classes. 
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Squares evenly even, are those the root of which when halved is even, or can 
be divided by 4 without remainder ; of this kind are the squares of 4, 8, 12, &c. 
The oddly even are those the root of which when halved gives an odd number; 
as those of 10, 14, &c. 

As the ancients have left us no general rule on this subject, but only some 
examples of even squares magically arranged, we shall here give the best methods 
invented by the moderns, and shall begin with squares evenly even. 

Let us suppose then that the annexed square a n c d is 
to be filled up magically, with the first 16 of the natural 
numbers: fill up first the two diagonals; and for that 
purpose begin to count the natural numbers, in order, 

1, 2, 3, 4, &c., on the cells of the first horizontal band 
from left to right ; then proceed to the second band, and 
when you come to the cells belonging to the diagonals, in- 
scribe the numbers counted as you fall upon them ; by 
which means you will have the arrangement repre- 
sented in the annexed figure. 

When the diagonals have been thus filled, to fill up the cells which remain 
vacant, begin to count the same numbers, proceeding from the angle D in the 
cells of the lower band, going from right to left, and 
then in the next above it ; and when any cells are found 
empty, fill them up with the numbers that belong to 
them ; in this manner you will have the square 16 
filled up magically, as seen in the annexed figure, 
and the sum of each band and each diagonal will be 
34. 


JRule for Squares evenly even. 

Having given, according to M. de la Hire, a very general rule for odd squares, 
which is capable of producing a great number of variations, we shall do the same in 
regard to even squares ; especially as it will equally serve for evenly even and oddly 
oven magic squares. It is as follows : 

Let it be required, for example, to fill up magically a square of 8 cells on each 
side. 

For this purpose, arrange, in the first 
horizontal band in a square of that kind, 
the first eight numbers of the arithmetical 
progression, but in such a manner, that 
those equally distant from the middle 
shall form the same sum ; viz. that of the 
root augmented by unity, which in this 
case is 9 ; the second band must be the 
inverse of the first ; the third must be 
like the first ; the fourth like the second, 
and so on alternately, till the half of the 
square is filled up ; after which the other 
half may be formed by merely reversing 
the first, as may be seen in the above 
figure. This will be the first primitive square. 

To form the second, fill it up according to the same principle with the multiples 
of the root, beginning with 0, that is to say, 0, 8, 16, 24, 32, 40, 48, 56 ; taking care 
that the extremes shall always make 56, but instead of arranging these liumbers in a 
horizontal direction, they must he ai ranged vertically, as in the following figure* 
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When this is done, add together the similar cells of the two squares, and jou will 
have a square of 8 on each side, as in the last figure above. 

Without enlargifig farther on squares evenly even, we shall give the simplest me- 
thod of constructing squaies oddly even. 


Method for Squares oddly even. 

We shall take, by way of example, the square 
of the root 6. To fill it up, inscribe in it the first 
six numbers of the arithmetical progression, 1, 2, 
3, Ac., according to the above method ; which 
wall give the first primitive square, as in the an- 
nexed figure. 
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The second must be formed hy filling up the 
cells in a vertical direction, according to the same 
principle, with the multiples of the root, begin- 
ning at 0, VIZ. Of 0, 12, 18, 24, 30. 
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The similar cells of the two squares if*tben 
added, will form a third square, which will re- 
quire only a few corrections to be magic. This 
third square is as here annexed. 
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To render the square magic, leaving the corners fixed, transpose the other numbers 
of the upper horizontal band, and of the first vertical one on the left, by reversing 
all the remainder of the band ; writing 7, 28, 27, 12, instead of 12, 27, &c., and in 
the vertical one, 32, 23, 17> and 2, from the top downwards, instead of 2, 17, &c. 

It will be necessary also to exchange the num- 
bers in the two cells of the middle of the second 
horizontal band at the top, of the lowest of the 
second vertical band on the left, and of the last 
on the right, The numbers in the cells a and b 
must also be exchanged, as well as those in c and 
D ; by which means we shall have the square 
corrected and magically arranged. 
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SECTION III. 

Of Magic Squares with Borders. 

Modern arithmeticians have added a new difficulty to the subject of magic squares, 
by proposing not only to arrange magically in a square a progression of num- 
bers, but by requiring that this square, when lessened by a band on each side, or two 
or three hands, &c., shall still remain magic; or a magic square being given, to add 
to it a border of one or more bands, in such a manner, that the enlarged square thence 
resulting shall he still magic 

To give an example of this construction, let it he required to form a magic square 
of the root 0, and to fill it up with the natural numbers, from 1 to 36. The first 
even magic square possible being that of 4 on each side, wc shall first arrange it 
magically, filling up with the mean terms of the progression, to the number 16, 
and reserving the first and the last 10 for the border. For the interior square there- 
fore we shall take the numbers 11, 12, &c., as far as 26 nfelu lively, and shall give 
them any magic disposition wdiatever : there will then remain the numbers 1, 2, &c., 
as far as 10, and 27 as fur as 36, for the border. 

To dispose these numbers in the border, first 
place the numbers I, 6, 31, 36, in the four corners, 
and in such a inanii(*r that diagonally they shall 
make 37. As each hand must make 111, it will he 
necessary to place in the first hand four such num- 
bers, that their sum shall he 104; and as their com- 
plements to 37 must be found in the lowest, where 
there is already 67, it will he necessary that they 
should together make 44 : there are several com- 
binations of these numbers, four and four, which 
can make lOt, and their complements 44; but it 
is necessary at the same time that four of those re- 
maining should make 79, to fill up the first vertical band, while their complements 
make 69 to complete the last. This double condition limits the combination to 
35, 34, 30, 5, winch may be placed in the first band in any order whatever, provided 
their complements be placed below each of them in the last band ; and the four 
numbers requisite to fill up the first vertical band will be 33, 28, 10, 8, which may 
he arranged any how at pleasure, provided the complement of each be placed oppo- 
site to it in the corresponding cell on the other side. 
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It is not absolutely necessary that 1, 6, 31, 36 
should be placed in the four corners of the square : 
if we suppose them to be filled up, in the same 
order, with 2, 7, 30, 35, it would be then neces- 
sary that the four first numbers should make 102, 
and their complements 40, while the four last 
make 79, and their complements 69 : but it is 
found that the first four numbers are 36, 31, 27, 

8, and the second 34, 32, 9, 4. The first being 
arranged any how in the four empty cells of the 
first hand, and their complements below, the second 
must be arranged in the cells of the first vertical 
band, and their complements each at the extremity of the same horizontal band ; 
by which means we shall have the new square with a border, as seen above. 

If it were required to form a bordered square of the root 8 ; it would be neces- 
sary to reserve for the interior square of 36 cells, the 36 mean numbers of the 
progression ; and they might be formed into a bordered square around the magic 
square of 16 cells ; with the 28 remaining numbers, we might then form a border 
to the square of 36 cells, &c. 

Hence it appears, in what manner we might form a magic square, which when 
successively lessened by one, two, or three bands, shall still remain magic. 

SECTION IV. 

Of another hind of Magic Square in Compartments. 

Another property, of which most magic squares arc susceptible, is, that they 
are not only magic when entire, but that when divided into those squares into 
which they can be resolved, these portions of the original square are themselves 
magic. A square of 8 cells on a side, for example, formed of four squares, each 
having 4 for its root, being proposed, it is requiied that not only the square of 
64 shall be disposed md^ically, but each of those of 16, and that the latter even, 
however arranged, shall still compose a magic square. 

What is here required, is easy ; and this is even the simplest method of all 
for constructing squares that are evenly even, as will appear from what follows. 

To construct a square of 64, in this manner, take the first 8 numbers of the 
natural progression, from 1 to 64, and the 8 last, and arrange them magically in a 
square of 16 cells ; do the same thing with the 8 terms which follow, the first 8 and 
the 8 which precede the last 8, and by 
these means you will have a second 
magic square ; form a similar square of 
the 8 following numbers with their cor- 
responding ones, and another with the 
16 means : the result will be four squares 
of 16 cells, the numbers in which will 
be equal when added together, eithef in 
bands or diagonally ; for they will every 
where be 130. It is therefore evident, 
that if these squares be arranged side by 
side, in any order whatever, the square 
resxdtinjg from them will be magic, and 
the sum in every direction will be 260. 
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SECTION V. 

Of the Variations of Magic Squares. 

The square having 3 for its root is suceptible of no variation.: whatever method 
may be employed, or whatever arrangement may be given to the numbers of the 
progression from 1 to 9, the same square will always arise, except that it will be 
inverted, or turned from left to right, which is not a variation. But this is not 
the case with the square having 4 for its root, or that of 16 cells ; this being sus- 
ceptible of at least 880 variations, which M. Frenicle has given in his Treatise on 
Magic Squares. • 

The square of 5 is susceptible of, at least, 57600 different combinations; for 
according to the process of M. de la Hire, the 5 first numbers may be arranged 
120 different ways in the first band of the first primitive square ; and as they may 
be afterwards arranged in the lower bands, beginning again by two different quan- 
tities, this will make 240 variations, at least, in the primitive square; which, com- 
bined with the 240 of the second, form 57600 variations in the square of 5. But 
there are doubtless a great many more, for a bordered square of 5 cannot be 
reduced to the method of M. de la Hire; but one bordered square of 5, the 
corners remaining fixed, as well as the interior square of 3, may experience 36 
variations. What a number therefore of other variations must be produced by 
changing the interior square and the angles I 

A bordered square of 6, when once constructed, the corners remaining fixed, and 
the interior square being com[)Osed of the same numbers, may be varied 4055040 
different ways ; for the interior square may be varied and differently transposed in 
the centre 7040 ways : each of the horizontal bauds at top and at bottom, the ex- 
tremities remaining fixed, may be varied 24 ways ; for there arc four pairs of num- 
bers susceptible of changing their place, which may be combined 24 ways; and 
there are also four pairs in the vertical bands between the corners. The number 
of the combinations, therefore, is the product of 7040 by 576, the square of 24, which 
gives 4055040 variations. But the corners may be varied, as well as the numbers 
assumed to form the interior square; and it hence follows, that the wnole number 
of the variations of a square of 6, while it still remains bordered, is equal to several 
millions of times the former. 

The square of 7, by M. de la Hire’s method alone, may be varied 406425600 dif- 
ferent ways. 

These variations, however numerous, ought to excite no surprise ; for the number 
of dispositions, magic or not magic, of 49 numbers, for example, forms one of 62 
figures, of which the preceding is, as wc may say, but a part infinitely small. 

SECTION VI, 

Of Geometrical Magic Squares. 

We have already observed, in the beginning of this chapter, that numbers in geo- 
metrical progression might be arranged in the cells of a square, and in such a man-' 
ner, that the product of these numbers, in each band, whether vertical, or horizon, 
tal, or diagonal, shall always be the same. 

To construct a square of this kind, the same principles must be followed as 
in the construction of other magic squares ; and this may be 
easily demonstrated from the property of logarithms. Without 
enlarging further therefore on this subject, we shall confine our- 
selves to giving one example ; it is that of the 9 first terms 
of the double geometric progression, 1, 2, 4, 8, &c. arranged 
in a square of 3 cells on each side. The product is evi- 
dently the same in every direction, viz, 4096. 
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Remarks, The ingenious Dr. Franklin, it seems, carried this curious speculation 

further than any of his predecessors in the same way. He constructed both a 
magic square of squares, and a magic circle of circles. The magic square of 
squares is formed by dividing a great square into 256 little squares, in which all 
the numbers from 1 to 25B, or the square of 16, are placed in 16 columns, which 
may be taken either horizontally or vertically. Their chief properties are as 
follow : 

1. The sum of the 16 numbers in each column or row, vertical or horizontal, 
is 2056. 

2. Every half column, vertical and horizontal, makes 1026, or just one half of the 
same sum 2056. 

3. Half a diagonal ascending, added to half a diagonald descending, makes also 
the same sum 20.'j6 ; taking these half diagonals from the ends of any side of the 
square to the middle of it; and so reckoning them cither upward or downward ; or 
sideways from right to left, or from left to right. 

4. The same with all the parallels to the half diagonals, as many as can be drawn 
in the great square: for any two of them being diiected upward and downward, 
from the place where they begin, to that where they end, their sums still iimke the 
same 2056. Also the same holds true downward and upward; as well as if taken 
sideways to the middle, and back to the same side agairj 

5. The four corner numbers in the great square added to our central mim- 
bers in it, make 1028, the half sum of any vertical or horizontal column which 
contains 16 numbers; and also equal to half a liiaguiiai or its parallel. 

6. If a square hole, equal in breadth to four of the little squares or cells, be cut 
in a paper, through which any of the 16 little cells in the great sqiiaie may be 
seen, and the paper be laid upon the great square; the sum ^ t all the 16 numbers 
seen through the hole, is always equal to 2056, the sum of the 16 numbers in any ■ 
horizontal or vertical column. 

The magic circle of circles is composed of a series of numbers, from 12 to 75 in- 
clusive, divided into 8 concentric circular spaces, and ranged in 8 radii of number<, 
with the number 12 in the centre; which number, like the centre, is common to all 
these circular spaces, and to all the radii. 

The numbers are^o placed, that 1st, the sum of all those in either of the con- 
centric circular spaces above mentioned, together with the central number 12, amount 
to 360, the same the number of degrees in a circle. 

2. The numbers in each radius also, together with the central number 12, make 
just 360. 

3. The numbers in half of any of the above circular spaces, taken cither above or 
below the double horizontal line, with half the central number 12, make just 180, or 
half the degrees in a circle. 

4. If any four adjoining numbers be taken, as if in a square, in the radial divisions 
of these circular spaces, the sum of these, with half the central number, make also 
the same 180. 

5. There are also included four sets of other circular spaces, bounded by circles 
that are cxcentric with regard to the common centre; each of these sets containing 
five spaces. For distinction, these circles are drawn with different marks, some 
dotted, others by short unconnected lines, &c. ; or still better with inks of divers 
colours, as blue, red, green, yellow. 

These sets of exccntric circular spaces intersect those of the concentric, and each 
other; and yet, the numbers contained in each of the excentric spaces, taken all 
around through any of the 20, which are excentric, make the same sum as those in 
the concentric, namely 360, when the central number 12 is added. 
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Their Mvee also, taken above or below the double horizontal line, with half the 
central number, make up 180. 

It is observable, that there is not one of the numbers, but what belongs at least 
to two of the circular spaces ; some to three, some to &ur, some to five ; and yet 
they are all so*placed, as never to break the required number 360, in any of the 28 cir« 
cular spaces uathin the primative circle. 


CHAPTER XIII. 

POLITICAL ARITHMETIC. 

Since politicians have acquired juster ideas respecting what constitutes the real 
strength of states, various researches have been made in regard to the number of the 
inhabitants in different countries, in order to ascertain their population. Besides, as 
almost all governments have been under the necessity of making loans for the most 
part on annuities, they have naturally been induced to examine according to what 
progression mankind die, that the interest of these loans may be proportioned to 
the probability ot the annuities becoming extinct. These calculations have been 
dihtinguishcd by the name of political arithmetic, and as it exhibits several curious 
facts, whether co.isidered in a political or a philosophical point of viey, we have 
thought - our duly to give it a piece here. 

SECTION I. 

Of the Pt'oportion between the Males and the Females. 

Many people imagine that the number of the females born exceeds that of the 
males ; but it has long since been proved that the contrary is the case. More boys 
than gills are born every year; and since the year 1631, a small interval excepted, 
we have a register of births, in regard to sex, and it has never been observed that 
the number of the females hoin ever equalled that of the males. It is found, by 
taking a mean or average term in a greater number of years, that the number of the 
males born is to that of the females, as 18 to 17. This proportion is nearly that 
which prevails throughout all France ; but, to whatever reason owiiig, it seems at 
Paris to be as 27 to 26. 

This kind of phenomenon is observed, not only in England and in France, but in 
every other country. We may be convinced of the truth of it by inspecting the 
monthly and other periodical publications, which at the commencement ot 
every year give a tabic of the births that have taken place in most of the capital 
cities of Europe: it may there be seen that the number of the males born, always 
exceeds that of the females ; and consequently it may be considered as a general 
law of nature. 

. We may here observe a striking instance of the wisdom of Providence, which has 
thus provided for the preservation of the human race. Men, in consequence of the 
active life for which they are naturally destined by their strength and their courage, 
are exposed to more dangers than the female sex ; war, long sea voyages, employments 
laborious or prejudicial to health, and dissipation, carry off great numbers of the 
males ; and it thence results, that if the number born of the latter did not exceed 
that of the females, the males would rapidly decrease, and soon become extinct. 

SECTION 11. 

Of the Mortality of the Human Race, according to the Different Ages* 

In this respect, there is apparently a considerable difference between large towns 
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and the country ; but this arises from the women in town rarely suckling their own 
children ; and consequently the greater part of their children being put out to nurse 
in the country, as it is in the period of childhood that the greatest mortality prevails, 
it becomes most apparent^n the country. To make an exact calculation, it ought 
to be founded on the deaths which happen in the towns, as well as in the country ; 
and this M. Dupre de St. Maur has endeavoured to do, by comparing the registers 
of three parishes in Paris, and twelve in the country. 

According to the observations of this author, in 23994 deaths, 6454 of them were 
those of children not a year old ; and carrying his researches on this subject as far as 
possible, he concludes, that of 24000 children born, the numbers who attain to dif- 
ferent ages are as follow : 


Ages. 

Number. 

Ages. 

Number. 

Ages. 

Number. 

2 .. 

,. 17540 

30 .. .. 

.. 9544 

90 .. 

. .. 103 

3 .. 

.. 15162 

35 .. .. 

.. 8770 

91 •• 

. .. 71 

4 .. 

.. 14177 

40 .. .. 

.. 7920 

92 .. 

. . . 63 

5 .. 

.. 13477 

45 .• .. 

.. 7008 

93 .. 

. .. 47 

6 .. 

.. 12968 

50 .. .. 

6197 

94 .. 

. .. 40 

7 .. 

.. 12562 

55 .. .. 

.. 5375 

95 .. 

. • . 33 

8 .. 

.. 12255 

60 ..... 

.. 4564 

96 .. 

. .. 23 

9 .. 

.. 12015 

65 .. .. 

.. 3450 

97 .. 

. .. 18 

10 .. 

.. 11861 

70 .. .. 

.. 2544 

98 .. 

. .. 16 

15 .. 

.. 11405 

75 .. .. 

.. 1507 

99 .. 

. .. 8 

20 .. 

.. 10909 

80 • • • • 

.. 807 

100 .. 

• . . 6 or 7 

25 .. 

.. 10259 

85 .. .. 

.. 291 




Such then is the condition of the human species, that of 24000 children born, 
scarcely one half attain to the age of 9 ; and that two thirds arc in their grave before 
the age of 40 ; about a sixth only remain at the expiration of 62 years ; a tenth after 
70 ; a hundredth part after 80; about a thousandth part attain to the age of 96 ; and 
six or seven individuals to that of 100. 

We must however observe, that the authors who have treated on this subject, 
differ from each other. According to the table of M. de Parcieux, for example, the 
half of the children born do not die before 31 yrtirs are completed; but according to 
M Dupre de St. Maur they are cut off before the commencement of the ninth year. 
This difference arises from the table of M. de Parcieux having been formed from lists 
of annuitants, who are always select subjects: for a father never thinks of pur- 
chasing an annuity on the life of a child who is sickly, or has a bad constitution. 
The laws of mortality in these cases therefore are different ; and if the one is a 
general and common law, the other is that which public administrators, who grant 
annuities, ought to consult with great care, that they may not make loans too 
burthensome. 


SECTION III. 

Of the Vitality of the Human Species, according to the Different Ages, or Medium 

of life. 

When a child is horn, to what age may a person bet, on equal terms, that it will 
attain ? Or if the child has already attained to a certain age, how many years is it 
probable it will still live ? These are two questions, the solution of which is not 
only curious, but important. 

We shall here give two tables on this subject; one by M. Dupre de St. Maur, and 
the other by M. Parcieux ; and add ^ them a few general observations. 
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TIME TO LIVE. 



M. de St. Maur. 

M. de Parcieux. 

AGE. 

YEARS. 

MONTHS. 

YEARS. 

MONTHS. 

0 

8 




1 

33 


41 

9 

2 

38 


’ 42 

8 

3 

40 


43 

6 

4 

41 


44 

2 

5 

41 

6 

44 

5 

6 

42 


44 

3 

7 

42 

3 

44 


8 

41 

6 

43 

9 

9 

40 

10 

43 

3 • 

10 

40 

2 

42 

8 

20 

33 

5 

36 

3 

30 

28 


30 

6 

40 

22 

1 

25 

6 

50 

16 

7 

19 

6 

60 

11 

1 

14 

11 

70 

6 

2 

9 

2 

75 

4 

6 

6 

10 

80 

3 

7 

5 


85 

3 


3 

4 

90 

2 


2 

2 

95 


5 


6 

96 


4 


5 

97 


1 3 


1 4 

98 




3 

99 


1 1 


2 

100 


1 i 


1 


Two observations here occur, in regard to these tables. The first is respecting the 
difference between them. In that of M. Parcieux, the time assigned to each age to 
live, is more considerable, and the reason has been already mentioned. We have 
even suppressed the first year in the table of M. Parcieux, because the difference was 
by far too great, and in our opinion it arose from two causes. Ist. No one ever 
thinks of purchasing an annuity for a child in its first year, until the goodness of its 
constitution has been fully ascertained. 2d. It is not at the birth of a child, but in 
the course of the first year, towards the middle or end, that such a measure is 
hazarded ; for us annuities remain sometimes several months, and even a whole year, 
to be filled up, people are not under the necessity of sinking money on so young a 
life, and have time during the course of several months to acquire some certainty 
respecting the constitution of the subject. In our opinion, therefore, the 34 years of 
vitality, assigned by M. do Percieux to a child just born, ought to be considered as ap- 
plicable to a child from 6 to 9 months old, and more ; but it is during the first monthf 
of the first year that the life ofachild is most uncertain, and that the greatest number die. 

The second observation, which is common to both tables, is, that vitality, exceed- 
ingly weak at the moment of birth, goes on increasing after that period, till it cornea 
to another, at which it is the greatest ; for the chance is less than 3 to 1 that a new 
born child will attain to the end of its first year,* and one may take an even bet that 

• According to the principles explained in treating of probabilities, tlie probability of a child newly 
botn being tUive at the end of a year, is to that of its d>)Dg before that period, as the nntiiber of the 
children alive at the end of a ycai, is to tbo number of those dead; Uiat ih to say, as 17540 to <MOO; 
which is somewhat less than the ratio of4 to 1. In the other cases the ^Iculation is the same. Take 
the ntiiuber of those who have died in the course of the year, and divide by it the number cf those 
alive ; this will express what may be betted to I, that the person who has oompleted that year will 
complete another. 
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it bas only 8 yeati to live ; but when it has attained to the commenceinent of the 
•econd year, one may bet 6 to 1 that it will attain to the third ; and it is an ejren 
chance that it will live 33 years. In a word, it is seen by the table of M. Dupre de 
St. Maur, that it is towards the age of 10 years, or bet wen 10 and 15, that life is most 
secure. At that period, one may take an even bet that the child will live 43 years ; 
and it is 125 to 1 that it will live a year, or 25 to 1 that it will live five years. 
Beyond that period the probability of living a year longer decreases. At the age of 
20, for example, it is somewhat less than 16 to 1 , that the person will not die within 
the five following years. When a person has reached his sixtieth year, it is no more 
than 3i to 1 that he will attain to the beginning of his sixty-fifth year, 

SECTION IV. 

Of the nuijpher of Men of different ages in a given number. 


It may he deduced from the preceding observations, that wlien the inhabitants of a 
country amount to a million, the number of those of the different ages will be as 
follows : 


Between 0 and 1 year complete 

38740 

55 

60 

37110 

1 

and 5 



119460 

60 

65 

28090 

5 

10 



99230 

65 

70 

21305 

10 

15 



94530 

70 

75 

1319.5 

15 

20 



88674 

75 

80 

7005 

20 

• 25 



82380 

80 

85 

2880 

25 

30 



77650 

85 

90 • * • » 

1025 

30 

35 



7in(>5 

90 

95 . . . • 

335 

35 

40 



64205 

1 95 

100 

82 

40 

45 



67230 

Above 100 years 

3 or 4 

45 

50 



50005 


Total , . 

1,(X)0,000 

50 

55 



43940 




Thus 

in a country peopled with a million of inhnhifnnfs, there are about 575400 


between the age of 13 ami 00; and as nearly one half of them arc men, this number 
of inhabitants could, on any emergency, furnish 230,000 men capublu of hearing 
arms, even if an allowance be made for the sick, the lame, &.C., who may be supposed 
to be among that number. 

SECTION V. 

Of the Proportion of the Births and Deaths to the whole Number of the Inhabitants 
of a Country. — The consequences thence resulting. 

As it would he difficult to number the inhabitants of a country, and much more to 
repeat the enumeration as often as it might be necessary to ascertain tlie poinilation, 
means have been devised for accornplisbiug the same object, by determining tbe pro- 
portion which the births and deaths bear to the whole number of the inhabitants ; 
for as registers of births and deaths are regularly kept in all the civilized countries of 
Europe, we may judge, by comparing them, whether the population has increased ciC 
decreased ; and in the latter case can examine the causes which have produced tbi 
diminution. 

It is deduced, for example, from Dr. Halley’s tables of the state of the populations 
ofBreslaw, about tbe year 1690, that among 34000 inhabitants, there took place, every 
year on an average. 1238 births ; which gives the proportion of the former to tbe lat- 
ter as 27J to 1. In regard to cities, such as Bresluw, where there is no great influx 
of strangers, we may therefore adopt it as a rule, to multiply the births by 27J in 
order to find the number of the inhabitants. 
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There appeared in 1766, a very interesting work on this subject, entitled, “ Be*» 
cherches sur la Population dcs la Generalites d* Auvergne, de Lyon, de Rouen, et 
de quelqiies Provinces et Villes du Royaume,” &c., by M. Messance. By an enutnera- 
tion of the inhabitants of seventeen small towns or villages in the generality of 
Auvergne, compared with the average number of births in the same places, the author 
shews that the number of births is to that of the inhabitants, as 1 to 24|, a 
similar emiineratioii, in twenty-eight small towns or villages of the generality of Lyons, 
gave the ratio of I to 23J; and by another made in five small towns or villages of 
the generality of Rouen, it appeared that the ratio was as 1 to 27i and But as 
these three generalities comprehend a very mountainous district, such as Auvergne, 
another which is moderately so, as the gerietality df Lyons, and a third which con- 
sists almost entirely of plains or cultivated hills, as the generality of Rouen, there is 
reason to conclude that these three united afford a good representation of the aver- 
age slate of tli6 kingdom ; combining therefore the above proportions, which gives 
that of 1 to 25j, this will give the proportion of births to the number of the inha- 
bitant^, for the whole kingdom, without including the great cities : so that for two 
births in the year we shall have 51 inhabitants. 

But as, in towns of any magnitude, there are several classes of citizens who spend 
their lives in celibacy, and who contribute either nothing or very little to the popu- 
lation, it is evident that this proportion, between the births and effective inhabitants, 
iinist be greater, M. Messance says, he ascertained, by several compari'^ons, that the 
ratio nearest the truth, in this case, is 1 to 28, and that this is the proportion 
which ought to be employed in deducing, from the number of births, the number of 
the inhabitants of a town of the second ordA*, such us Lyons, Rouen, &c. ; which 
agrees pi etty well with what Dr. Halley found in regaidto the city of Breslaw. 

In the last place, for cities of the first class, or the capitals of states, such as Paris, 
London, Ani<5terdain, &c., where a great many strangers, attracted either by pleasure 
or bu-sines'i, are mixed with the inhabitants, and where great luxury prevails, which 
increases the munber of those who live in voluntary celibac), it is very probable that 
the above i.itioiiiust be laised, and that it ought to be carried to 30 or 31. 

M. Ker'.ebooiii, in his liook entitled, “Essai do Calcul politique, concernant Ja 
quautite des ijabi<ans des Provinces de Jlollande et de Westfrieblund,*’ &c., printed 
at the Hague in 1748, has endeavoured to shew that to obtain the number of the inha- 
bitants in Holland, the miraber of' the births ought to be multiplied by 35. 
If tins be the case, there is reason to conclude that mariiagcsare less fruitful or less 
numerous in Holland than in France ; and this difference may be founded (yi physical 
causes. 

If these calculations be applied to determining the population of great cities, it will 
be seen that the opinions entertained in general on this subject, are erroneous ; for 
it is commonly said that Paris contain^ a million of inhabitants ; but the number of 
birthsthere, taking one year with another, never exceeds 19500, which, multiplied by 
30, gives 585000 inhabitants ; if we employ as multiplier the number 31, we shall 
have 004500, and this is certainly the utmost extent of the population of Paris. 

SECTION VI, ^ 

O/ some other Proportions between the Inhabitants of a Country, 

We shall present to the reader a few moie short observations in regard to popu- 
lation. The book, which we quoted in the preceding paragraph, shall still serve us 
as a guide. 

By combining together the three generalities above mentioned, it is found, 

Ibt. That the number of the inhabitants of a country, is to that of the families, 
as 1000 to 222^; so that 2000 inhabitants give in common 445 families, and con- 
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seqiiently ^ heads on an average for each, or 9 persons for two families. In this 
respect, those of Auvergne are the most numerous ; those of the Lyonnon, are next ; 
and those of the generality of Rouen are the least numerous. By takin*^ a moan, it 
is found also, that in 25 families, there is one where there are six or moi c children. 

2d. The number of male children horn exceeds, as has been said, that of females ; 
and this excess continues till a certain age ; for example, the number of hoys of 
the age of fourteen, or below, is greater than that of the females of the same age, 
and in the ratio of 30 to 29. The whole number of the females, however, exceeds 
that of the males, in the ratio of about 18 to 19. We here see the effect of the 
great consumption of men, occasioned by war, navigation, laborious employments, 
and debauchery. * * 

dd. It is found that there are three marriages annually among 337 inhabitants; so 
that 112 inhabitants produce one marriage. 

4th. The proportion of married men or widowers, to married wodicn or widows, 
is nearly as 125 to 140 ; and the whole number of this class of society, is to the 
whole of the inhabitants, as 265 to 631, or as 53 to 126. 

5th. According to King and Kerseboom, the number of widowers is to that of 
widows, as h to 3 nearly; so that there are three widows for one widower. This 
at least is deduced from the enumerations made in Holland and in England. But 
is the case the same in France ? It is to be regretted, that the above-mentioned 
author did not make researches on this subject. In our opinion, however, this pro- 
portion is pretty near the truth, and it will excite no astonishment when it is 
considered that the greater part of the men marry late, in comparison of the 
women. 

6th. If the above proportion between widowers and widows be admitted, it thence 
follows, that among 631 inhabitants there are 118 married couples, 7 or 8 widower-s, 
and 21 or 22 widows; the remainder are composed of children, people in a state 
of celibacy, servants, or passengers. 

7th. It thence results also, that 1870 married couples give annually 357 chil- 
dren ; for a city of 10000 inhabitants would contain that number of married 
couples, and give 357 annual births. Five married couples therefore, of all ages, 
produce annually one birth. 

8th. The number of servants is* to the whole number of the inhabitants, as 13G 
to 1533 nearly ; which is somewhat more than the eleventh part, and less than the 
tenth. 

The number of male servants is nearly equal to that of the female, being in the 
ratio of 67 to 69 ; but it is very probable that in large cities, where a great deal 
of luxury prevails, the proportion is different. 

9th. The number of ecclesiastics of both sexes, that is to say, secular as well as 
regular, comprehending the nuns, is to the inhabitants of the above three gene- 
ralities, as 1 to 112 nearly: thi.s is contrary to the common opinion, which sup- 
poses the proportion to be much greater. 

10th. By dividing the territory of these three generalities among their inhabi- 
tants, it is found, that the square league would contain 864 ; but the .square league 
contains 6400 acres ; ea^ man therefore, on an average, would have 7^ acres, 'and 
each family being composed, one with another, of 4| heads, 33.j acres would fall to 
the share of each family. But it is to be observed that the generality of Rouen, 
considered alone, is much more populous, since it contains 1264 inhabitants for each 
square league, which gives to each head no more than 5 acres. 

11th. It appears by the same enumerations, that a very sen'^iblc increase in the 
population has taken place since the beginning of the last century. It is indeed 
found, that the annual number of the births has been augmented ; and by comparing 
the present period with the commencement of the last century, there is reason to 
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conclude, that the number of the inhabitants is now greater than what it was at the 
beginning of i be century, in the ratio of 1456 to 1350; which makes less than a 
twelfth, and more than a thirteenth, of increase. This is doubtless owing to 
the great extent to which agriculture and commerce have been carried, and to the 
cessation of those wars which so long exhausted the interior of France. The wound 
given to the nation by the revocation of the edict of Nantes seems healed, and even 
more ; but had it not been for that event, France, in all probability, would contain a 
sixth more of inhabitants than it did at the commencement of the 18th century ; for 
the number who expatriated in consequence of that revocation, amounted perhaps to 
a twelfth part of the whole people. 

SECTION VII. 

Some Questions which depend on the preceding Observations, 

The following are some of those questions, in the solution of which the preceding 
observations may ^be employed : we shall not explain the principles on which each 
is resolved ; but shall merely confine ourselves to referring to them sometimes, that 
we may leave to the reader the pleasure of exercising his own ingenuity. 

1st. The age of a man being given^ that of 30 for example, what probability is 
there that he will he living at the end of a determinate number of years, such 
as 15. 

Seek in the table of the second section for the given age of the person, viz. 30 
years, and write down the number opposite to it, which is 11405; then take from 
the same table the number opposite to 45, which is 7008, and form these two 
numbers into a fraction, having the latter for its numerator, and the former as its 
denominator ; this fraction will express the probability of a person of 30 years of 
age living 15 years, or attaining to the age of 45. 

The demonstration of this rule is obvious to every one who understands the 
theory of probabilities. 

2d. A young man 20 yeais of age borrows £1000, to he paid, capital and interest, 
when he attains to the aye of 25 ; but in case he dies before that period, the debt to 
become extinct. What sum ought he to engage to pay, on attaining to the age 
of^l 

It is evident that if it were certain he would not die before the age of 25, the sum 
to be then paid would be the capital increased by five years’ interest, which we here 
suppose to be simple interest ; the sum therefore which in that case he ought to en* 
gage to pay, on attaining to the age of 25, would be £1250. Rut this sum must be 
increased, in propoition to the danger of the debtor dying in the course of these five 
years, or in the inverse ratio of the probability of his being alive when they are ex- 
pired. Afe this probability is expressed by the fraction we must multiply the 
above sum b> this fiaction inverted, or by which will give £1329. 3s. lid., that 
is to say, £79. 3s. 11c/. for the risk of losing the debt, which certainly cannot be 
considered as usury. 

3d. A state or an individual having occasion to raise money on annuities, what 
interest ought to be given for the different ages, legal interest being at the rate of 5 
per cent. 9 

The vulgar, who are accustomed to burthensome loans, entertain no doubt that 10 
per cent, is a great deal for any age below 50, and that such a method of borrowing 
cannot be advantageous to the state. But this is a great mistake ; for it will be 
found by calculation, employing the before-mentioned data, according to the table of 
M. de Parciciix, that 10 per cent, cannot he allowed before the age of 56. According 
to the same table, no more than 6^ can be given at the age of 20 ; 6^ at 25 ; 6| at 30 ; 
7|at40; 8tBt50; 10 at 56; llT^at60; 16fat70; 27fat8q; 39* at 85. 
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It is also a very great error to believe, that on account of the number of persons 
who lay out money on these loans made by governments, they are soon freed from 
a part of the annuities by the death of a part of the annuitants. The slowness of the 
increase of annuities in tontines, is a sufficient proof of the falsity of this idea; be- 
sides, the great number of the persons is the very cause why the extinction of the 
annuities takes place according to the laws of probability above explain'd. A fortu- 
nate circumstance, at the end of some years, may free an individual fiom an annuity 
established on the life of a man aged 30, but if this annuity weie divided among 300 
persons of nearly the same age, it is certain that he would not be fi- ed from this 
burthen before the expiration of about 05 years ; and at tlie end of 32 oi 33 years one 
half of the annuitants would still be living. This M. de Parcieiix has shewn, in the 
clearest manner, by cxaimning the lists of different toiihues. 

4th. Legal interest being at 5 per cent. ; at what rate of inteicst mag an annuity he 
granted on the hoes of two persons, whose ayes are given, and payable till the death of 
the last surowo! ? 

5th. What irderest mag be allowed on a capital, sunhfot an annuity on the lives of 
two persons, whose ages are given, and payable only while hoik the annuitants are 
living ^ 

6th. A certain person, whose age is given, has an annuity, secured on the public 
funds, of JflOOO; hut being in want of money, he is desirous to sell it. IJoiv much is 
it worth 9 

7th. A, aged 20, and B, aged 50, agree to purchase, on their joint lives, an annuity 
of ^1000, to be equally divided between them, during their lives, with a reversion to 
the survivor. How much ought each of them to contribute towards the purchase 
money f 

8th. How much ought each to contribute^ supposing it stipulated between them, that 
JB, the eldest, should enjoy the whole till his death f 

9th. Legal interest being at 5 per cent,, what is the worth of an annuity of £\QO, on 
the lives of three persons, whose ages are given, and payable till the death of the last 
survivor f 

10th. An annuity is purchased for the life of a child, of 3 years of age, on this con^ 
dition, that the annuity at the end of each year is to he added to the purchase money, 
till the annuity equals the capital sunk. At what age will the annuity he due, legal 
interest being at 5 per cent, 9 

Many people imagine that a capital can be deposited in the bank of Venice on this 
condition, that nothing is received for the first 10 years, but after that period the 
annuitant receives an annidty equal to the capital. This however is cniirely ground- 
less, as has been shewn by M. dc Parcieuxin his Addition k I’Essai sur les Probabi- 
lites de la duree de la Vie Humaine,” published in 17G0 ; for it is there shcv^^l, by a . 
calculation, the demonstration of which is evident, that if ;£10(), for example, were 
sunk on the life of a child 3 years of age, it could not begin to enjoy an annuity of 
^100 till it had attained to the age of 45 or 46. 

The table of M. de Parcieux presents, on this subject, two things very curious. 
For example, on the above supposition, if the increase of the annuity were not stopped 
till the end of 54 years, the person ought to receive £205 per annum during the re- 
mainder of his life ; if it were not stopped till 58 years, he ought to leceive till the 
time of his death £300 ; and by stopping it only at 75 years, be would be entitled to 
£2900 per annum : in the last place, if the arrears due each year w'cre left, on the 
like conditions, to accumulate till the 94th year, the annuity for the remainder of 
the person's life ought to be £134069. I9s. 2d., a sum \^ich must appear prodi- 
gious. 

But it may seem astoiiUhiug that M. de Parcieux should begin his calculations 
coly at the age of 3 years. It is very true that people do not venture capitals in the 
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purchase of annuities on the lives of new-born children ; but if ever such an establish- 
ment existed at Venice, it is evident that it must have been only on the supposition 
of the money being risked on the life of a child just born, because great mortality 
takes place during the first year. For this reason we have examined what would be 
the result of such a supposition ; and we have found that, if the sum of £100 were 
sunk, on the above conditions, on the life of a child just born, it ought, according to 
the table of AI. Dupr£’ de St. Maur, to procure it an annuity of £10. 15s. ; that this 
sum sunk in like manner, at 8 per cent., at the end of tlic first yeai, by adding the 
annuity, would give at the end of the second year £11. II 5 . 7d, These £11. 11s. 7d. 
sunk at 6^^ [)cr cent., which is the interest that miglit be allowed at the commence- 
ment of the t bird year, would, at the end of the third, or the commeiiccnient of the first 
fourth, amount to £12. 5s. Irf., and by a calculation similai to thatofM.de Paicieux, 
it will be found, that the annuity would be iiicreascd to £100 at about the age of 36; 
which is still very far distant from what is commonly believed. 

If legal intcicst be supposed to be 10 per cent., as it was in the IGth century, it 
will be found, that it would be only about the 2()th year that a person could receive 
an annuity equal to the capital sunk at the time of his birth. 

Those who are desirous of farther information on this subject, may consult 
Demoivre’s Essay upon Annuifies on Lives, and M. de Parcieux’s “Essai surles Pro- 
habilites dc la duree dc la Vie Humaine,” and Dr. Price on Reversionary Payments. 
The other authors w'ho have treated mathematically on these matters, arc Dr. Hal- 
ley, Sir William Petty, Major Graunt, King, Davenant, Simpson, Maseres; and 
among the Dutch, the celebrated John de Wit, grand pensionary of Holland, M, 
Kerseboom, Struyk, &c. ’ ♦ 
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PART SECOND. 

CONTAINING A SERIES OF GEOMETRICAL PROBLEMS AND QUESTIONS, 
CALCULATED FOR EXERCISE AND AMUSEMENT. 


PROBLEM I. 


J^om the extremity o f a yiven right line to lai'^e a pcrpcnilicnlar, without continuing the 
linCt even without changing the opening of the compass if necessary. 


Fig. 1 . 




I. Let a b 1.) be llie given strniglit lino, and a the ox- 

tieniify, from whieb it is required to raise a ])er|)eiidieular, vvitbout 
prolonging it. 

From A towards b assume 5 equal parts at pleasuie ; and exlending 
the coinpa‘?ses from a, so as to iiielude 3 of the*oe parts, describe the 
arcofadicle; then fiom the exlremity of the foiiith pint, with 
an opcniiif' equal to the 5 parts, dcbcrlhc another; the'^e two arcs will 
necessarily rut each other in a certain point c, from which it a stiaight line, asoA, be 
drawn, it will ^ c perpendicular to a n. 

For th% s]uare ot c a, which is 1), added to the square of A h, which is lb, are 
together equal to ‘io, the square v h : the triangle c a h is therefoie nglilangled at a. 

We Blight assume also, lor the radius of tiic ,ue to 1)(‘ described fiom the point a, 
a line equal to 5 fi.uts; for the base 12, and for the oiln'r radius i;i; because .5, 12, 
and 13, foi m a rigbtangled triangle. Indeed, all the rigid angled triangles in mnnliei 
of which there are a great vaiiety, niaj he employed in the solution of this problem. 


Fig. 2. 


II. On any jiart whatever of the given line a d (Fig. 2 ), desenhe 
an isosceles tiiaiigle a tb, that is, .so that the sides a c, i n shall be 
equal ; and continue a c to i>, so that co sliali be equal to cii ; if a 
line be then drawn from d to u, it will be perpendicular to a b. The 
demonstration of this is so easy that it inquires no illustration. 


probli M II. 

To divide a given straight line into any numhet of equal paits, at pleasure^ without 

repeated tiials. 

Let it be proposed, for example, to divide the line ab (Fig. 
3.) into 5 equal parts. Make this given line the base of an 
equilateral triangle abo; and fiom the imint o, in the side c n, 
pontinued if necessary, set off 5 equal parts, which we shall 
supjiose to terminate at i>, and make c i, equal tocD; then 
make p f, for example, equal to one of the live parts of cd; 
and draw e f, which will intersect A b in o : it is evident that 
B o will be the fifth part of a b. 

If d/ were equal to of c b, by drawing c f we should have 
g, as the point of intersection o( cf and ab, which would give ug equal to ^ of 
AB. And so on. 

PROllLEM III. 

Without any other instrument than a few pegs and a rod^ to perform on the ground the 
greater part of the operations of geometry. 

It is well known that most gcometiical operations may be performed in the fields, 


Fig. 3. 
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by means of the graphometer : and it would even seem that this instrument is abso- 
lutely necessary in practical geometry. 

A geometrician however may happen to be unprovided with such an instrument, 
and even destitute of the means of procuring one. We shall suppose him in the 
woods of America, with nothing but a knife to cut a few pega, and a long stick to 
serve him as a measure: he has several geometrical operations to perform, and even 
inaccessible heights to measure; how must he proceed to accomplish what is 
here proposed? 

We shall suppose also, that the reader is acquainted with the method of tracing 
out a straight line on the ground, between two given points ; and in what manner it 
may be indefinitely continued on either side, kc. This being firemised, we shall now 
proceed to give a few of those elementary problems of geometry, required to be 
performed, without employing any other line than a sti night one, and even excluding 
the use of a cord, with which the arc of a circle may be described. 

1st. Througft a given point to draw a straight Itne^ parallel to a given straight line. 

^ Let Ab (Fig. 4.) be the ‘^tlaigllt line, and c the point 

^ through which it isrequiicd to draw' a straight line pa- 

rallel to a b. From the point e dinw the line r b, to any 
^ point in a b, and divide v it into tw o equal parts in i> ; in 
this point i> fix a jicg, and from any point A in the given 
straight line, draw, through d, an indefinite liinf a d e, and make i) E equal to a d : 
if a straight line be then drawn through the points c and e, it vvill he parallel to a b. 
2d. jFrom a given point in a given straight Une^ to raise a perpendicular. 

Fig. 5. Divide the given line a n (Fig. 5.) into tw'o equal parts, a c 

and cb; and from the point c draw, any how at plcas«iue, the 
\ line edi make c d equal to va ; draw' d a A, and make a k equal 
to a 0 , and a v equal to a d ; thiougli the points L and r draw 
the line f e c ; and if ii c be made equal to k r, vve shall have 

B <;; Af the point c, which w'ith the point a will determine the position 

" ^ \ / of the perpendicular a g. 

•Vj'» For the sides ad and ac of the triuiigle cad, being re- 

\«5 spectively equal to the sides a f and a k of the triangle e a f, 

these two triangles are equal ; and, in the triangle d c a, the sides c d and c a being 
equal, the sides b a and e f of the other wall be equal also : the angle e f a therefore 
will be equal to e a f, and consequently to cad. But in the triangle f c a, the side 
F o is equal to a b, for f g by coustruetion is the double of f e, and f e or a e is 
equal to A c, which is the half of a n : the triangles fag and a d n then are equal ; 
since the sides F g, f a, are equal to the sides a b, a d, and the included angles equal : 
the angle f a g will therefore be equal to A » B ; but the latter is a right angle, because 
the lines c n, c d, c a, being equal, the point d is in the circumference of a semicircle, 
described on the diameter a b. The angle fag then is a right angle, and g a is 
perpendicular to A b. 

3d. From a given point a, to draw a straight line perpendicular to a given straight 

line. 

Pig, (j. Assume any point b (Fig. G.) in the indefinite line b c ; and, 

. having measured the divtunce b a, make b c equal to b a ; draw 

y \ c A, which must be meabured also, and then form this propor- 

u / \ tion : as « c is to c i), the half of a c, so is a c to a fourth pro- 

poitional, which will he c e ; if c e be then made equal to this 
/ fourth proportional, we shall have the point e, from which if 

c/ ^ x\\Q line a l be drawn through a, it will be the perpendicular 
required. 

« 1 2 
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4(tli. To moawro o dntonee a Bt accessible only at one of its extremities, as the 
breadth of a river or ditch, 

First fix a peg at a (Fig. 7. ) ; then another in any point c, 
assumed at pleasure, and a third at J>, in the straight line be- 
tween the points n and c ; continue the lines c A and » a inde- 
finitely beyond a, and make the lines a e and a t respectively 
equal to a c and ad ; in the last place, fix a peg at a, in such 
a manner as to be in a straight line with a and b, and also with 
r and E : the distance ag will then be equal to a b. 

If it be found impossible to proceed far enough from the line 
a b towaids E or f, we may take in a e or a f, only the half or 
the third of ac and ad, for example Ae, a/; if a peg be then fixed in g, so as to 
fall in the continuation of both the lines B a and ef we shall have Ag equal to the 
half or the third of a b respectively. 

Now let the distance ab (Fig. 8.) be inaccessible through- 
out. The solution of this case may be easil> deduced from 
that ot the former: for having fi\ed a peg in c, and having 
confimitd by a scries of pegs the lines b c and a v, if the 
parts CE and cf be, by the above meaii‘', made respectively 
equal to Bc and c a, oi the half or the third of the^e lines, 
it mav bc icadily H*eu that lln. line which j(»ina the points E 
and F, W'ill be equal to the line requiied, or to the half or thud of it; and that in 
either case it will be (laiallel to it, which re&olves the problem, to diaw a line paral- 
lel to an in!H’ce'*sihle hue. 

These example^ aie sufbeient to shew in what manner a person, wdio has only 
a slight knowledge of gtometry. inav e\(Ciile the greater part of geoinctiical ojieia- 
tions, w'lthout any othti lnvlrlJlnent'^ than tho'^e which m’ght be piocured in a wood 
by means of a knife. If must indeed be allow'ed that one ean nevei be in such 
circiiinsfances, unless on some very cxtraoidinary occasion; but, however, it may 
affbid satisfaction to those who have a turn for gcometr}, to know in what 
manner they nvght proceed, if evei such a case should h.ippeu. 

It is remarkable, that it is not perhaps jios&ible to resolve in this manner, that is 
to say, without employing the arc of a circle, the very simple problem, and one of the 
first in the elements of geometry, viz., to describe an equilateral triangle. We have 
often attempted it, but without success, W'hile trying how far we could proceed in 
geometry by the means of straight lines only. 


Ftg. 8. 




PBOBLEM IV. 

To describe a circle, or any determinate arc of a circle, without knowing the centre, and 

without compasses. 

To those who are little acquainted with geometry, this will appear to be a sort 
of paradox; but it may be easily explained by that proposition, in wliich it is de- 
monstrated, that the angles whose summits touch the circumference, and who«c sides 
pass through the extremity of the chord, are equal. 

Lei A, c, B, (Fig. 9.) be three points in the required 
circle or arc ; having drawn the lines a c and c b, make 
an angle equal to A on of any solid substance, *and fix 
two pegs in a and b ; if the sides of the determinate 
angle bc then made to slide between tlicse pegs, the 
vertex or summit will describe the circumference of 
the circle. So that if the summit or vertex be fur- 
nished with a spike or pencil, it will trace out, as it 
revolves betw'een a and b, the required arc. 


Fig. 9. 
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If tiiotlier angle of the like kind were constructed, forming the supplement of a c b 
to two right angles, and if it were made to revolve with its sides always touching 
the points a and b, but with its summit in a direction opposite to c, it would describe 
the other segment of the circle, which with the arcACB would make up the whole 
circle. 

It may sometimes happen that it is necessary to describe, through two given’points, 
the arc of a determinate circle, the centre of which is at a great distance, or iiiac- 
cessihle on account of some particular causes. Should it be required, for example, 
to describe on the ground a circle, or the arc of a circle, with a radius equal to 2 or 
3 or 4 hundred yards; it may be readily seen that it would be impracticable to do it 
by means of a cord ; the mode of operation therefore must be as follows. In a and 
B, (Fig. 10.) the extremities of that line which we here suppose 
• to be the chord of the required arc, the amplitude or suhtcnd.ug 

angle of which is known, fix two pegs, and then find out, by 
means of a graphometer oi plane table, any point c, in such a 

/ 1 PO‘5ition, that a c and b c shall form an angle, a c b, equal to the 

1 ’ ^ ^ /j given angle, and in that point fix a peg ; ther» find out another 

' y point d, so situated that a d and n d shall form an angle, a b, 

equal to the former; if the points f and e he found in like 
^ manner, it is evident that the points c, rf, c, and f will be in the 

arc of a circle capable of containing the given angle. If the points A, i, A, be then 
found, on the other side of a b, so situated, that the angle a g n, or a A n, &c. shall 
he the supplement of the formei, the points c, </, A, i, A, will evidently be all in 
a circle. 

PROBLEM V. 

Thee pointSf not in the eame stiaight hncy being < 7 trcn, to describe a circle which 
shall pass through them. 

Fig. 11. Let the three points be those marked 1, 2, 3, (Fig. 11.) : fiom 

one of them as a centre, that for example marked 2, and with any 
/ ladius at pleasure, describe a ciiclc ; and from one of the other two 

V / / 1 points, 1 tor exampic, assumed as a centre, make with the same 

) radius two iiiterseetioiis in the circumference of the first circle, 
/ as at A and b ; diaw the line a b, and assuming the third point 3 ns 
a centre, make with the same radius two more intersections in 
^ the eircumference of the first circle, as d and e: if be be then 

drawn, it w'ill cut the former line a n in the point r, which will he the centre of 
the circle required. If n circle therefore be described from this point as a centre, 
thiough one oF the given points, its circumference will pass through the other two. 

It may be readily seen that this constxuction is the same, in piinriple, as the com- 
mon one, taught liy Fiiclid and all other elementary writcis ; for it is evident that the 
the lines 1 a, 2 a, 1 b, 2 b, are equal to each other ; consequently the line a B is per- 
pendicular to that which wmuld join the points 1 and 2, or to the chord 1 2 of the 
required circle ; hence it follows, that the centre of the circle is in the line a b : for 
the ‘•ame reason tins centre is in the line be, and therefore it is in the point where 
they intei sect each other. 

If the three given points were in a straight line, the lines a b and D E would be- 
come parallel, and ciinsequcnlly there would be no intci section. 


PROBLEM VI. 

engineer, employed in a survey, observed from a certain point the three angles 
formed by three objects, the posiHons of which he had before determined : it is re'- 
guired to deteimine the position of that point, without any farther operation. 

This problem, leduccd to an enunciation purely geometrical, might be proposed m 
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the following manner: a triangle, the sides and angles of which are known, being 
given, to determine a point from which, if three lines be drawn to the three angles, 
they shall form with each other given angles. 

In this problem there are a great number of cases ; for cither the three angles, 
under which the distances of the three given points are perceived, occupy the 
whole extent of the horizon, that is to say are equal to four right angle", or occupy 

only the half, or less than the half. In the tirst case, it is evident that the required 

point is situated within the given triangle; in the second, it is situated in one of the 
rides; and in the thiid, it is without. But for the sake of brevity we shall here 
confine ourselves to the first case. 

Let it be required then to determine, between the points 
Fig* 12. Xi B, c, (Fig. 12.) the distances of which are given, a point n so 

f situated, that the angle a D b shall be equal to 160 degrees, 

CDS to 130°, and cba to 70°. On the side ab describe an 
/ ^ \ arc of a circle capable of containing an angle of 160° ; and on 

the side b c another capable of containing an angle of 180° ; 
^ the point where they intersect each other will be the point 
* ® required. 

For it is evident that this point is in the circumference of the arc described on the 
ride ab, and capable of containing an angle of 160°; because from all the points of 
that arc, and of no other, the distance A b is seen under the angle of 160°. In like 
manner the point d must he found in the arc described on the side B c, and capable 
of containing an angle of 130°; consequently it must be in the place where they 
intersect each other, and no where else. 

IZcmarA.— On this construction, a trigonometrical solution may be founded, to de- 
termine ill numbers the distance between d and the points a, b, and c ; but we shall 
leave this to the ingenuity of the reader. 


PROBLKM VII. 


Fig. 13. 


If two lines meet in an inaccessible pointy or a point which cannot he observed it is 
proposed to draw^from a given pointy a line tending to the inaccessible point. 

Let the unknown and inaccessible point be o (Fig. 13.), 
the lines tending to it a o and bo ; and let e be the point 
from which it is required to draw a straight line tending 
towards o. 

Through the point e draw any straight line EC, inter- 
secting A o and B o in the points D and c ; and through any 
point F, assumed at pleasure, draw f g parallel to it ; then 
this proportion : as c i) is to D e, so is f g to g h ; if 
the indefinite line ii e be then drawn through the points e and h, it will be the line 
required. 

Or if the given point be c, make this proportion, as cB is to cc, so is f o to f A • 
the line eh will be that required. * 

The demonstration of this problem will be easy to those who know, that, in any 
triangle, if lines be drawn parallel to the base, all those drawn from the vertex of the 
triangle, will divide them proportionally. 



raoBr.EM vrii. 

The same supposition being made ; to cut off two equal portions from the lines bo 
and A o (JFig. 14.) 

From the point a, draw ac perpendicular to jo, and ad perpendicular to ao; 
if the angle cab be then divided into two equal parts by the line ae, meeting bo 
iia E, this line will cut off from b o and a o the two equal parts, a o and e o. 
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This may be easily demonstrated, by shewing that, in 
consequence of this construction, the angle o a e becomes 
equal to OE a. But the angle oae is equal to the angle 
OAO plus CAE; and the angle oea is equal to oda or 
o A c plus E A D, or E A c, which is equal to it ; the angle 
OAK then is equal to o e A, and the triangle o a e is isosceles, 
therefore, &c. 

PROBLEM IX. 

The same supposition still made ; to dh'ide the angle A o E into two equal partSf {See 

last fy are.) 

Construct the same figure as in the preceding problem ; then between the two 
given lines draw any line fg, parallel to the line ae ; and divide the lines ae and FO 
into two equal parts in h and i ; the line H i will divide the angle a o Einto two equal 
parts. The demonstration of this is so easy that it requires no illustration. 

These problems, as may be readily seen, contain operations of practical geometry 
of great utility in certain cases ; such, for example, as when it is necessary to cut 
roads through a forest, or when it is required to make them tend to, or end at, a 
common centre. 

PROBLEM X. 

Two sides of a triangle ^ and the incladed angles being given ; to find its areg,. 

Multiply one of the sides by half the other, and the product by the sine of the 
included angle : this new product will be the area. 

It may be easily demonstrated, that the area of every triangle is equal to half the 
rectangle of any two of its sides, multiplied by tbc sine of the included angle. 

Let ABC (,Fig. 15.) be a tiianglc, having an acute 
angle at a ; produce A c towards d, and from a ns a 
centre, with the distance a b, describe the semicircle 
B r5; then from tbc point a, draw fa perpendicular to 
A r; and from the point b, draw bd also perpendicular 
to A c. 

It is here evident that the two triangles iac and 
BAC arc lespcctivcly to each other as af is to bd; that is to say, as ladius is 
to the sme ol the angle b a c, or as unity is to the number wdiicb expresses that sine *, 
the tiiiUigle FAC then being equal to half the rectangle of r a by ac, the other will 
be equal to that half rectangle multiplied by the sine of tbc angle « ac. 

This property enables us to avoid that tedious process, necessary to be employed 
in order to find out the measure of the perpendicular let fall from the extremity of 
one of the known sides on the other, that the latter side may be then multiplied by 
the half of this perpendicular. 

Thus fui example, let the two sides ab and a c be respectively equal to 24 and 63 
yaids ; and let the included angle be 45°. The product of 63 by 12 is 756, and the 
sine of 45° is 0*70710; if 756 therefore be multiplied by 0*70710, according to the 
method of decimal fractions, the product will be 534^. 

PROBLEM XI. 

To find the superficial content of any trapezium or quadrilateral figure ^ without know^ 

ing Its sides. 

Jug. 16 . The solution of this problem is a consequence of the pre- 

ceding. Let the given trapezium be a b cD (Fig. 16.) ; measure 
the diagonals ac and bd, as well as the angle which they make 
at the point w’hcre they intersect each other in e j if these diag- 
onals be then multiplied together, and half their product by the 
fcinc of the above angle, the last product will be the area. Thii method ii jbr shorter 


Fig. 15. 



Fig. 14. 
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than if we should reduce the trapezium to triangles, in order to find the area of each 
of them. 

CoroZ/arics.— A very curious theorem, which no author has before remarked, may 
be deduced from this problem. It is us follows : If two quadrilateral figures have 
their diagonals equal, and intersecting each other at the same angle, whatever may 
be their difference in other respects, these quadrilateral figuies will be eflual as to 
their area. ^ 

Fiif* 17. No. 1. 1st Thus, the quadrilateral abcd (see last figure) is equal 
to the parallelogram abed (Fig. 17. No. 1.), which has its diag- 
e onals equal to those of abcd, and inclined toward each other 
at the same angle. 

JFfy. 17. No 2. 2d. The same quadrilateral a b c d, is equal to the triangle 

B A c (Fig. 17. No, 2.), formed by the two lines a c and a b, equal 
to the diagonals a c, d b, and inclined at the same angle. 

S r 

Fig. 17. No. 3. 8d. The same quadrilateral will be equal also to the triangle 

ABC (Fig. 17. No. 3.), if the lines ac and db of that triangle, 
are equal to the diagonals of the quadrilateral, and equally 
inclined. 





- Fig. 17. No. 4. 



4th. In the last place, this same quadrilateral abcd (Fig. 
10.), will be equal to the quadrilateral abed (Fig. 17. No, 4.) 
the diagonals ot which do not intersect each other, if a c and 
dh are equal to a c and d b, and if the angle bee is equal to the 
angle b e c. 

PROBLEM XII. 


Two circles^ not entirely comprehended one within the other, being given ; to find a 
point from which, if a tangent be drawn to the one, it shall be a tangent also to the 


other. 

Through the centres a and n (Fig. 18. No. 1.), of 
the two circles, draw the indefinite straight line a n i : 
then from the centre a draw any radius a e, and 
through the centre b draw the radius b d parallel to 
it. If the points c and d be joined by the line cd, 
it will meet ab in i, which will be the point re- 
quired ; that is to say, if i e be drawn from the point 
I, a tangent to one of the circles, it will be a tangent 
also to the other. 


Fig, 18. No. 1. 



Fig. 18u No. 2. When the circles do not cut each other, the point 

I (Fig. 18. No. 2.) may happen to fall between them. 
To find it, in that case, nothing is necessary hut to 
draw the radius bd pnralJel to a c, and in a direction 
opposite to that of Fig. 18. No. I. ab and cn will 
intersect each other in the point i, which will have 
the same property as the former. 

Bemark. — We cannot here help observing, that if any secant whatever, as i d h or 
idh (Fig. 18. No. 1.), be drawn from the point i, through the two circles, the lect- 
angle of id and i h, or of id and i A, will be always the same, that is, equal to the 
rectangle of the two tangents ie and if. In like manner, the rectangle of i c and 
I o, or of i c and i g, will be equal to the rectangle of the same tangents. This is a 
very remarkable extension of the well known property of the circle, by which the 
rectangle of ilie two segments i d and i g is equal to the square of the tangent i e. 




GKOMETRlCA-l. PROBLEMS. 


121 


rilOBLEM XIII. 

A gentleman, at his death, left two children, to whom he bequeathed a triangular field, 
to he divided equally between them ; in the field is a well, which serves foi watering 
it; and a<i it is necessary that the line of division should pass through this well, in 
what manner must it be drawn, so as to intersect the well, and divide the field, at the 
same time, into two equal parts. 

Fig» 19. Let the given triangle be a b c (Fig, 19.), and the given point 

be E. From the point e draw the lines e d and b e, parallel to the 
/f 38^^ ^ ^ respectively, and meeting them in D and r ; 

// / A c be divided into two equal parts in m ; and having 

// / / drawn the line d bi from the point d, draw b n parallel to it, and 

A* />• ® divide c N into two equal parts, in i ; on i B describe the semi- 

K circle i k r, in which apply b k =: r c ; and, having drawn i k, 
if IE be made equal to it, the points f and e will determine the line ee o. 

Bemarh.— It is evident that ci must be at least double of cr ; otherwise c R could 
not be applied in the semicircle described on i b, which would render the problem 
impossible. 

In numbers.-^Let a b = 48 fathoms, b c = 42, a c == 30, c d = 18, and D E or c R 
= 6 ; consequently c M will be = 15. But cb:cn, that is to say 18 ; 15 

t 42 I 35 ; hence it follows that c n = 35, and c i = 17J ; and us c r is equal to 6, 
w e shall have i R = llj. But tlm triangle i k r being right-angled, i k = 
/v/ iR* — R K*-* = ^ 132^ — 36 = 96^, or fathoms, which gives c e = 27tftj 

fathoms. 

Fig»20. The demonstration of this construction is too prolix to be 

B given in this work ; and there are even a variety of cases which 

.'/\ if would be tedious to explain. We shall therefore confine 

/Y \ ^ ourselves to one of the simplest; that is, where the point E is 

in one of the sides (Fig. 20.) 

^ / \ The construction in this case is exceedingly easy ; for having 

^ A M o divided A c into two equal parts in bi, and drawn E M, and bn 
parallel to it; if the point n falls within the triangle, by drawing the line en, the 
problem will be solved ; but if the point n falls without the triangle, it wdll be neces- 
sary to draw the line a e ; then n o parallel to it, through the point n, and o b through 
the point o : the last line, o e, will solve the problem. 

For because emU parallel to bn, the triangle m b e = mne ; and if the triangle 
CME be added to each, wc shall have the triangles cbm and cen equal to each 
other. But the triangle cbm is the half of the triangle abc, because AM =:MC; 
consequently cen is the half of abc also. In like manner, because e A is parallel 
to NO, the triangles ANE and aoe arc equal; and therefore if the tiiangle age, 
which is common to both, be taken away, the triangle A n o will be equal to o o e ; 
hence it follows, that if we add to the space cage the triangle goe, we shall have 
the space c a o e z= the triangle cen, w'hich we have already shew’n to be equal to 
the half of abc. 

But if the gentleman had left the field to be divided equally 
JV^. 21. among three children, by lines proceeding fiom the given point 



E (Fig. 21.); if wc suppose one line of division eb already 
drawn, it would be necessary to piocecd as follows: 

Divide the base a c into three equal parts ; and let the points 
of division be d and o ; draw the line e i>, and b f parallel to it ; 
then draw the line e f from the point e, and if the point e does 
not fail without the triangle, the trapezium befab will 
be one of the thirds required. 
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But if the point r falls without the triangle, we must proceed as above directed ; 
that is to say, the line £ a must be drawn towards the angle a, and fo parallel to it 
from the point f, as far as the side a b; which it meets, we ^hall suppose in o ; the 
line E o will give the triangle b o e, equal to the third of the triangle proposed. 
BEiCB, the other third, may be found in like manner; consequently the remainder 
of the figure will be a third also. The three lines therefore, £ o,ki, and e u, which 
proceed from the point e, will divide the proposed triangle into three equal parts. 

By the same method & triangle might be divided into 4, or 5, or C, &c. equal parts, 
by lines all proceeding from a given point ; and this point may be assumed even 
without the triangle. 


PROBLEM XIV. 

Two points and a straight Unc^ not passwg throvgh them, being given ; to describe a 
circle which shall touch the straight line, and pass through the two given points. 

Let the given line be a b (Fig. t^2.) and the given 
points r and d. Join these two points, and on ihc middle 
of the line r i) raise the perpendicular e f, meeting the 
given htraight line m r; and on the same lineUt hill the 
j'erpeinlk ular t u , draw r c, and fiom the point i:, with 
the radiiLs n h, deseribe a citric intersecting f c, conti- 
nued, 111 r; draw i E, and through the point c draw c k 
will be the centre, and k c the radius of the circle 


Fig. 22. 


V;rr^ 


parallel to it: the point 
required. 

For if the perpendicular kl bo let fall from the point k, on the line A B, it will be 
equal to k c, which is equal to k d. But f e i< to f k, as eh is to k l, and as i: i 
to K c; therefore e n is to k l as e i fo k e; and conseqiuntly, as e i is equal to 
E u, K L will be equal to k c : therefore, &e. 

It may he readily seen, that if the given line passed through 
one of the given points, the centre of the required ciu lc would 
be in the point k (Fig. 2‘1.) where v K, drawn perpendicular to 
A B, intersects i: k, which is perpendicular to c i), and divides 
it into two equal parts in e. 

In the first case, the problem- might he resolved in a different 
manner, viz., by continuing the line c i) (Fig. 22.) till it meets 
\ B in M; then taking a mean propoitional between m c and 
M B, and making m l eqiuil to it; if a circle were then described through the points 
c, D, L, it w^ould be the one lequired. But this solution would be attended with 
difficulty, if the point m were at a great distance, whereas in the former case this is 
a matter of indifference. 



PROBLEM XV. 

2\oo lines ab and cd (Fig. 24.) with a point e between them, being given ; to describe 
^ ^ a circle which shall pass through this point, and touch the 

two lines. 

If the two lines meet, as at f, draw the line f h dividing 
the angle Ji f h into two equal parts ; or, if they are parallel, 
draw one, such as f h (Fig. 25.) equally distant from both ; 
then from the point e diaw e o i, perpendicular to f ii, and 
make G I equal to o e ; the points i E will be so situated that 
if a circle, touching one of the given lines, be described through 
them. It will touch the other given line also ; which reduces 
this problem to the preceding one. 
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THEOREM I. 

Various demonstrations of the forty^seventh proposition of the first book of Euclid ^ by 
the mere transposition of parts. 

The beauty of this elementary proposition, and the difficulty beginners often find 
to comprehend the demonstration, have induced some geometricians to invent others 
of a simpler nature. Some of these arc very ingenious, and worthy of notice, be- 
cause it can be seen on the first view, that the square of the hypothenuse is com- 
posed of the same parts as the squares of the two sides ; with this difierence only, 
that they arc differently arranged. Some of these demonstrations are as follow : 

1st. Describe the right angled triangle abc (Fig. 26.), 
and on the two sides of it, a c and b c, construct the two 
squares c g and c D. On the base a b raise the two per- 
pendiculars A I and B H, the former meeting g f, continued, 
in I, and the latter meeting e D in ii ; and then draw i n. 
It may, in the first place, be easily demonstrated that a i 
and B H are equal to a B; so that A I u B is the square of 
the b<ise a b ; for it may be readily seen that the triangle 
B n D is equal and similar to the triangle B A c, as well as 
the triangle i g a ; so that u h and a i are each equal to a b. 

It may be shown, with equal ease, that the small triangle k e u is equal to i F o ; 
and lastly, that the triangle i K L is equal to a o c. 

Jlut the constituent parts of the two squares are, the quadrilateral c b h K, the 
triangle ii D H, the ti iangle K ii E, the quadrilateral o a o F, and the triangle A c o, 
which we shall shew to be the same that compose the square a b h i ; for the quad- 
rilateral <’ B H K is common, and tin* triangle b h D is equal to b c a, and may be sub- 
stituted for it, and transposed into its place. In like manner, we may conceive the 
triangle aco transposed into i KL; there will then* remain, in the square of the 
hypothenuse, the vacuity i l a, and vve shall have, to fill it up, the quadrilateral 
F o a G, with the triangle k e n : let the triangle K E n be transposed into o F i, which 
is equal to it, and it will complete the triangle I a g, which is equal and similar to 
I A L ; hence it followi^ that the square of the hypothenuse is composed of the same 
parts as the squares of the other two sides. 

We may therefore cut these paits from a piece of card, and first compose the two 
squares of the two sides, and then that of the hypothenuse, which will form a sort of 
amusement in combination. 



Viy- 27. 



2d. The second method, which is nearly the same as the pre- 
ceding, will appear perhaps a little more evident. Let c d and 
c F (.Fig. 27) be the squares of the two ddes, which contain the 
right angle of the triangle a c b : having continued F A until a h 
is equal c b, on the side F H construct the square F H D o : and 
on A B, the hypothenuse, the square a e. It may be easily 
proved that the angles e and n will be in the sides of the former, 
and that a u, b d, s g, n f will be all equal, as well as f a, b h, 
de, gn. 


But it may be readily seen that, by drawing the line n i parallel to F H, the 
two squares c d and c f will be composed of the parts i, 2, 3, 4, 5 ; and the 
square ae is composed of the parts 1, 5, G, 7 , 8 . But the parts 1 and 5 are coni- 
mon, and the parts 6 and 2 are evidently equal : it remains then that the parts 4 
and 3 should be equal to the parts 7 and 8. But this is also evident; for the part 3 
is equal to 9, and the part 8 to 5, consequently the parts 4 and 3, or 4 and 9, are 
equal to the parts 7 and 8, or 7 and 5, since the rectangle f i is divided into two 
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equal parts by the diagonal. The squares of the sides then are composed of the 
same parts as the square of the hypotheiiusc, and consequently they are equal. 

3d. Retaining the same construction, it is evident that the square r i> is equal 
to the squares of the two sides a c and c b of the right-angled triangle a c B, plus 
the two equal rectangles c c and c h. Rut the square a e, of the liypothenuse, 
is equal to the same square less the four equal tiiangles a bh, BE n, ec N, nf a, 
which taken together are equal to the two rectangles above mentioned, since each ot 
the triangles i= the halt of one of the rectangles. The quantity by which the square 
FD exceeds the squares of the sides of the light-ungled triangle acb, is the same as 
that by which it exceed*, the square of the hypothenuse: these squares and that of 
the hypothenuse arc theieforc equal; foi quantities which arc less than athiid by an 
equal quantity, are themselves equal. 

We shall now give a few propositions which arc only gciieializations of the forty- 
seventh of the fust hook of Euclid, and from which that celebrated proposition is 
deduced as a simple corollary. 

THEOREM II. 

If a square he desciihed on each of the sides of any triangle ABC (Fig. 28 and 29.) , 
afid if a perpendicular b n be let fall fom one of the angles, as n, on the opposite 
side Pk c\ ij the lines b e and B F he drawn in such a manner that the angle v a E B 
andc r n shall he equal to the angle n; and lastly ifE i and r L he di awn parallel to 
c G, the side of the square, the square of a b will he erpial to the rectangle ^ i, and 
the equate of B c to the rectangle ci.; consequently the sum of the squaies on A Band 
B C Will he equal to the square of the base less the rectangle E L, if the angle u he 
obtusCf and plus the same rectangle if the angle b be acute.* 


Fiq, 28. 



Fig. 29. 


The demonstration of tlii» tlicorcm is as follows : the 
triangle aeb is similar to the triangle a bc, because the 
angle a is common, and the angle aeb equal to the 
angle a bc; consequently a c : A B ; I A B : a i;, whence 
it follows that the rectangle of a c X a i:, or of A e x 
A H, which IS the same since a u = a c, is equal to the 
square of a b. 

In like muniicr it may be proved that the square of 
B c is equal to the rectangle c i.. 

But it may bc readily seen, that if the angle b ho 
obtuse, the line b k will fall between the points a and 
D, and the line be between r and d; the contrary of 
which is the case if the angle d be acute ; and that 
these two lines are confounded with, or coincide with, 
the perpendicular b d, when the angle b is a right 
one. 

In the fii st case then it is evident, that the sum of 
the squares of the sides, is less, than the squaie of the 
base by the rectangle e l. 

And in the second case, that they exceed it by the 
rectangle e e. 

Lastly, that if the triangle be right-angled at b ; as 
the rectangle e l vanishes, the sum of the squares of 
the sides is equal to the square of the base ; which is a very ingenious generali- 
zation of the celebrated theorem of Pythagoras. 



* For this ingenioua theorem, from which iff deduced the famous problem of the right-angled 
triaugle,we are indebted to Clairault, junior, who punluhed it at the age of aiKtecn, in a »mall work 
printed in 1731. Ihia young man would certainly have trodden lu the atepa of hu biother, had he 
not been cut off by a piemature death. 
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’ THEOREBI ni. 

• 

Let ABC (Ji^. 20,) he a triangle^ and let any parallelogram CE he described on the 
side A c, and any parallelogram b f on the side a d ; continve the sides D e and k v 
till they meet in the point from which draw the straight line u a l, and make l m 
equal ton A ; if the parallelogram c o be then completed on the base B c, by drawing 
B o or c N parallel to l. m, this pai allelogram will be equal to the two c e and B f. 

Continue oBand nc till they meet the hides of the paral- 
lelograms B F and c 1,, in p and u, and draw P ii. 

Then since cii and ha are parallel, and eoirjprehended be- 
tween the same parallels, viz. c a and d h, thej are equal; 
consequently c r is equal to L Bi. In like manner it may be 
demonstrated that u r is equal to l bi. c r and b i* thcrelore 
are equal, and the figuie n p R c is a paiallelogram equal 
to B N. 

Kow it is evident that the parallelogtani n l, on the base 
R r, is equal to the parallelogram r c a ij, because it is on the same base and be- 
tween the same parallels; and for the same reason the parallelogram acde=: 
A c 11 H ; consequently the parallelogram a c n l = n c i. c. 

It may be demonstrated, in like mannci, that the parallelogram b K f a = b P G L ; 
consequently the two parallelograms c e, bf, arc together equal to iiriic, or to 
B c N o, Mhich is equal 1o it. 

Corollary The readtr, if in the least acquainted with geometry, may readily 

see that this very ingenious propo‘-ition is only a generalization of the celebrated 
proposition by which it is pio\ed, that in eveiy right-angled triangle, the squares 
of the two hides, contaiuing the liglit angle, aie equal to that of the hypothciiusc. 

For if we suppose that the tiiaiigle B ac is right-angled at a, and that the two 

paiallelograms c i: and ii f arc the two squares, it may be easily conceived that the 
thud parallelogram bn will be also a square, viz. that of the h}potheiiuse ; in con- 
sequence of the piecediiig dtinonst ration then, these tw’o first squaies will be equal 
to the third. This theorem is extracted liom Pappus Alexaiidrmus. 

THEOREM IV. 

If the base of a ti tangle be bisected^ the squares of the other two sides aie equal to twice 
the square of half the base, and twice the square of the line joining the middle point 
of the base to the vertical angle. 

For let D (Fig. 31.) he the middle of the base, and c e a 
perpendicular from the vertex r on the base a b. Then a 
= A 1)2 _|_ jj (,2 2 A H . o i: and lU’^ = b -j- d — 2 b n . 

D E or B c2 = A D C” — * 2 ^ A D . PI. Whciice bv adding w'e 

have A c2 B c2 = 2 A 2 d c*. 

theorem V. 

In every quadrilateral fgure whatever^ the sum of the squares of the four sides, is equal 
to the sum of the squares of the tioo diagonals, plus Jour times the square of the line 
which Joins the middle of these diagonals. 

Let A E c D (Fig. 32,) be a quadrilateral figure, the two diago- 
nals of which are a c and b v ; and let us suppose them 
divided each into two equal parts in k and f, and that the 
straight line kt has been drawn. It may be demonstrated, that 
the squares of the four sides, taken together, are equal to the 
squares of the two diagonals, plus four times the square 
of F. r. 



Fig. 31. 
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It is said that we are indebted to Euler for this elegant and very curious problem, 
which may be easily demonstrated by the aid of the preceding theorem. 

For join k to b and d. Then a n = 2 a e- -j- 2 n n^, and a j)‘-j-nc^r= 

2 A E* + 2 E D®. Tlierefore A n- -j- ^ + a -f- p =4 a -j “2 e b^ + 2 e p* 
But B k 2 -(- E p2 = 2 B F^-f- 2 F K-; therefore 2 b e- -(- 2 k b- = 4 b 4 r L-. Thei c- 
fore A B^ + B C* + C D- -|- A = 4 B E- -|- 4 B F- -j- 4 J' E- = A fr + B + 4 F E-. 

Corollary If the quadrilateral is> a parallelogram, then e f coineide, and the pro- 

position shews that the squciie of the sides of a parallelogram arc together equal to 
the squares of the diagonals. 

The preceding theorem, therefore, is only a p irticuhir ca^c of the present one. 

1‘ROBLEn XVI. 

The thee sides of a rectilineal h ianyle being given ; to determine its superficial content, 

without measuring the perpendicular let fall from one of the angles on the opposite 

side. 

From half the sum of the three sides subtract each of the three sides separately ; 
multiply the three remainders together, and the product by the half sum ol tlie sides ; 
the square root of the last product is the area requned. 

Let the three sides, for example, be 50, 120, and 150 yards ; the half sum of which 
is 160, the first difference is 110, the second 40, and the third 10: the product ot 
these foul iiunibcrs is 7040000, the square root of which is 265‘) and nearly, which 
is the area. 

Jl may be easily shewn, that the usual method, ihiil is to say, by finding the per- 
pendicular let fall from one of the angles on the opposite side, would require a much 
more tedious calculation. 

Remark. — By this method we have a very easy rule for finding the radius of the 
circle inscribed in a triangle, (he three sides of winch ari‘ givem : notbiugis necessary 
but to multiply together the difference between each side and the half sum , to 
divide the product by this half sum, and to extract the square root of the quotient : 
the lesult will be the radius required. 

Thus, in the above example, the product of Ibe differencea is 441)00; which 
dixided by 100, gives 275 ; the square root of this quotient is theiailius of the 
circle inscribed in the given triangle. 

PROBLEM XVII. 

In surveying the side of a hill, ought its real surface to be measured, or only the space 
occupied by its horizontal projection ^ 

It may be easily proved that, in this case, the horizontal piojeetion or base only 
ought to be measured ; for the object of surveying is nothing el-^e than to determine 
the quantity of any kind of production that land is capable of producing, or the num- 
ber of the buildings that can be erected on it. But it is evident that as trees and 
plants always rise in a direction pcrpeiidiculai to (be horizon, an inclined plane can 
contain no more than the horizontal one which corresponds to it as its base. In like 
manner, no more buildings can be raised on inclined ground, than on its hoiizontal 
projection; because the walls of an edifice must always be vertical; a little more 
care only is required in building on such ground than on horizontal. 

Another reason is, that inclined ground, compared with the horizontal giound in 
the neighbourhood, contains less vegetable earth or mould, as part of it is always 
carried away by the rains, and deposited on the lower grounds; consequently it is 
not capable of supplying nourishment to such a quantity of productions as the 
other. 
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It is therefore evident that the horizontal surface only, and not the real or in- 
clined surface, ought to be measured, unless these considerations are thought to be of 
little value in adjusting the price. 

Remark . — It is in topographical descriptions of mountainous countries chiefly, that 
care should be taken to reduce the whole to a horizontal plane; for if we suppose 
that a country has been surveyed, and that, in measuring the sides of pretty steep 
mountains, the real and not the horizontal distances of places have been taken, it 
will be impossible, in constructing a map, to make the measures agree. This indeed 
would be the same thing a« if one should attempt to transfer to the plane or base of 
a pyiamid, the triangles which foiin its inclined sides : for if one of the tiianglcs were 
laid down on it, all the rest would be falsely ropiesented. 

PROBLEM XVTTI. 

To form one square of five equal squares. 

Divide one side of each of four of the squares, as A, b, c, d, 
(Fig. 33. No. 1.) into two equal parts, and fioin one of the 
angles adjacent to the opposite side draw a stiaight line to 
the point of division; then cut these four squares in the 
direction of that line, by \\hieh means each of them will be 
divided into a trapezium and u tiiangle. 

Lastly, arrange these four ir.ipeznims and these four 
triangles around the whole square n, ns seen Fig. 33. No. 2; 
and you. wall have €i squaie evidentl)- equal to the five squaies 
given. 

Remark.-^Jiy means of the solution to the following pro- 
blem, one squaie may be foinied of any nnmbei of squaies at 
pleasure ; for any nuinbei of squaies nuiy be transfoimed into 
an oblong, and we shall shew, m the next problem, how an 
oblong maybe resolved into several paits, susceptible of being aiiangid in such a 
manner as to form a square. 


ng. 33. No. 1. 



PROBLEM XIX. 

Any rectangle whatevei being given ; to convert it, by a binqtle transposition of putts, 

into a square. 

Let the given rectangle be arc o (Fig.34. No.l.) To cut it into 
several parts susceptible of being arranged in a square, first find 
the geometric mean piopoitional bclvveen the sides b a and a d ; 
make ak equal to that mean pio])ortionul, and draw ef per- 
pendicular to A F.. u r will cut A 1) ill the point v, which will 

either full bejond b, in legaid to the point a, or on the point 

1) itself, 01 Ik tween o and a : this lorms thiee cases, the last 
of winch subdivides itselt into two, but if one of them be well 
uiidei stood, there will be no ditlieulty in the rest. 

Case 1st. In the lirst place then, let the point F be beyond 
D, as seen (Fig. 34. No. 1.) As the line n F will intersect ci) 
in the point l, make a c» equal to ul, and diaw o n pcipendicular to a e, by which 

means g h will cut off from the triangle a b i , the small tiiciiigle A gh. 

Fig.H.No 2 given rectangle al into four parts, accoiding to the 

* lines A E, L L, and gh, and the result will be the trapezium alli), 
the triangle e cl, the tiapezium c b e n, and the small triangle a gh, 
which we shall respectively denote by the letters a, b, c, d ; lastly, 
arrange these four parts as seen Fig. 34, No. 2, and you will have a 
perfect square. 
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The demonstration may be easily found, by considering, in Fig. 34, No. 1, the 
square constructed on a e, viz. a e k i ; but it is first necessary to shew, that 
if A 1 be drawn parallel to i:f, and ki, through the point d, parallel to a k, the 
rectangle akki, thence resulting, will be a square. Now this is easy; for if ik 
be continued tiJJ it meet n c produced jn p, we shall evidently have the rectangle 
AEKi equal to the parnllelogratn aepd, Mhich is equal to the rectangle abcv, or 
that of A B and a d ; 'icnce it follows that a js into a i is equal to An X ad. But 
the square of a e is equal to a u into a d, coiihequently a i: into ai is the same thing 
as the square of a e. 

This ])eing demonstrated, draw i.r, parallel to Ai>, and lm parallel to a i: ; then, 
from the points m and o, to a d and a i , draw the perpendiculais m n and a h. It is 
here evident that the triangle a m n is equal and similar to llc : in like manner the 
triangle a g h is equal and similar to u l k ; and the trapezium n ehg is equal and 
similar to n » i m, for u i: is equal and paiallel to J) n, b g to m n, d J to f. h, and M i 
to G H. The four parts a l l d, j: c l, be ii g, a c ii, which compose the rectangle 


a c, are therefore equal to the four a e t, i>, a m n, n d i m, and d l k, wdiich compose 
the square a e k i, or its equal, that of the same figure, No. 2, &c. 


Ftf/. 34. iVb. 3. 


Case 2d. If the point f falls on the point D, the solution of the 
problem will he exceedingly easy ; lor in that case the triangle d 



vanishes, since u l vanishes ; the square equal to 'the reetangle, 
therefore, will be composed of the rightangled isosceles triangle 
a E D (Fig. 34. No. 3.), and the other tw’o right-angled and isosceles 
triangles ab t and cde, equal to each other, and to the half of the 
former; consequently those parts may be arranged in a square 


without any difiieulty. This case indeed ran never exist but when 
the side ab is exactly the half of ad: the rectangle ac is then composed of two 
equal squares. 13 ut the manner in which two equal squaies may be lomed into one 
is well known. 


Fig. 35, No. 1. 



Case 3d. Let us now suppose, that the point f falls be- 
tween A and D t^Fig. 35. No. 1.), but in sueh a manner that 
F D is loss than e b. In this case make i: g equal to F l), and 
draw G H perpendicular to a ii ; by which means the rectangle 
AC will be divided into four parts, viz., the tri- jy^.2 

angle A EF, the trapezium cdfe, the trapezium 
ABGH, and the triangle winch we shall 

distinguish by the letters «, h, c, d. If these four 
parts be arranged as seen Fig. 35. No. 2, we shall 
have a perfect square, as may be easily demonstrated. 



JT^.35.iVb.3. If F D he exactly equal to be, it is evident, that instead of the tra- 



pezium A B G II, we should have a triangle a n A ; so that the square to 
be formed would consist of three triangles, and a trapezium e enr, as 
seen Fig. 35. No. 3. 

If F D exceeds e b, and is exactly equal to a f, draw d p parallel to 


Fig. 35. No. 4. 



E F, and if the rectangle be cut according to the lines a e, e f, and p d, 
there will be formed tbice triangles and a parallelogram ed, which if 
arranged as seen Fig. 35. No. 4, will compose the square a i k e. 

Lastly, we may suppose the height a d of the given rectangle to be 
such, that having the general construction described in the first part of 
this problem, the line f d exceeds the line a f, or is any multiple of it, 


with or without a remainder. In that case, to resolve the problem, set off the line 


A F as many times as possible on f d. For the sake of simplification, w'e shall here 


suppose that the former is contained in the latter only once, with the remainder l d. 
Praw L M parallel to e f, and by these means we sliall have the parallelogitun L H e F, 
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which may be placed in f a n o ; then make e g equal to d l» and draw g h perpcn* 
dicular to a e ; cut the rectangle a bcd according to the lines a b» e f, m l, and o u, 
into five parts, viz., the triangle a k f, the parallelogram flmk, the trapeziums 
L D c M, a u o B, and the triangle o h e ; which we shall distinguish by the letters 
a, b, c, </, e ; these five parts can be arranged into a perfect square, as Ai ke, which is 
composed of the triangle a, the parallelogram b, the trapeziums c and d, and the 
small triangle e. 

If a F were contained twice in fd, six parts would be requisite ; two of them pa- 
rallelograms as 6. 

By a sort of retrograde progress, the following problem may be resolved. 

PROBLEM XX. 

To cut a given square into 4, or 5, or 6, dissimilar partSy which can be arranged so 
as to form a rectangle. 

Let it be required, for example, to divide the square ae k i (Fig. 35. No. 1.), into 
four parts susceptible of such an arrangement. On the side e k assume e f greater 
than the half of it, and draw a f ; make a o equal to e f, and draw o m parallel to 
A f ; lastly, from the point m, where om meets ik, draw mn perpendicular to a f; 
the four parts required will be the triangles aef, o m i, and the two trapeziums 
A OM N, M vfk, which may be arranged in such a manner, as to form the rectangle 
A D c D. To tliose who have comprehended the solution of the preceding problem, 
this will appear evident. 

JVy. 36. parts be required, assume ef (Fig. 36.), of such a 

length, that it may be contained in e k twice, with a remainder ; 
let these parts of the line ek be kf and fo, and fet the re- 
mainder he o K ; diaw a f, and, making a n and n p each equal 
to EF, draw no and pq parallel to af, the latter of which 
will meet the side k i in q ; from this point draw q b perpen- 
dicular to no; and we shall 'have two triangles, a parallelo- 
gram, and two trapeziums, which are evidently susceptible of 
being formed into an oblong such as a bcd; since they are 
the same parts into which that oblong might be divided, in 
order to form, by tbeir transposition, the square abki: 
therefore, &c. 

problem XXI. 

To divide a line in extreme and mean ratio, 

A line is divided in extreme and mean ratio, when the whole line is to one of the 
segments, as that segment is to the other. As a great many geometrical problems 
are reduced to this division, some of the geometricians of the sixteenth century gave 
it the name of the divine section. But without adopting so empbatical a denomina- 
tion, wc shall proceed to the solution of the problem. 

Let the line, to be divided in extreme and mean ratio, be a b 
Fig.2fl, (Fig 37,) From its extremity b raise the perpendicular b c, 

and make it equal to the half of a b ; draw a c, and make c D 
equal to c b ; if a E be then made equal to the remainder a d, 

the line a b will be divided as required, and we shall have this 

ratio ; a B is to a £ as a b is to £ b. 

Fig. 38. No. L Remarks.^The line a h (Fig. 38. No. 1.) being divided in 

* * extreme and mean ratio, if its greater segment be added to 

^ ^ it, we shall have the line b c, also divided in extreme and 

mean ratio, in the point a ; so that 6 c will be to 5 a as h a\s to a c, 

K 
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2d. The line 6 a (Fig. 38. No. 2.), being divided, in the same 
l^g. 38. No. 2. manner in c, if c be made equal to the small segment b c, ca will 
i c' — then be divided in the same manner ; that is to say, ca will be to 

c das c d to da» 

PROBLEM XXII. ♦ 

On a given base to describe a right angled triangle^ the three sides of which shall be 
in continued proportion. 

Fig. 39. On the given base A n (Fig. 39.) describe a semicircle ; 

j divide A n in extreme and mean ratio in c, and raise the perpen- 

dieular od till it meet the semicircle in d ; then draw the lines 
^ ^ AD and D B : the triangle a ii d will bo the one required, and 
A n will have the same ratio to a D as a d has to d b, as might 
be easily demonstrated. 

PROBLEM XXIII. 

Two men, who run equally well, propose for a bet to start finm a, and to try who shall 
first reach b, after touching the wallco, {Ftg. 40.) What course must he pursued in 
order to win f 

Fig. 40. ll- be readily seen that, to determine the course to be 

ji pursued in order to win, it will be necessary to determine the 
position of the lines a e and e b, of such a nature, that their 
sum shall he Jess than that of all the others, as a e, e u, &c. 
Jliit it may be demonstrated that this sum is the least possible, 
when the angle a e c is equal to the angle be d. For let us 
suppose A V dr*iwn perpendicular to c d, and continued till 
c F be equal to a c, and that k f and e b have been drawn ; in 
this case the angles a k c and c e f will he equal. But a k c is equal to b f. d by the 
supposition, consequently the angles c e f and bed will be equal also ; and it thence 
follows, that, as c I) is a straight line, f eb will likewise be one. But b e f is equal 
to B E and E A taken together, as b c and e r are to b e and e a ; the course b e a 
tbeiefore will he shorter than any other Be a, for the same reason that b f is shorter 
than the lirtes b e and e F. 

To 6nd then the point e, we must draw a c and b d perpendicular to the line c d, 
and then divide c d in e, in such a manner, that c £ shall be to e d as c a to i> b. 

PROBLEM XXIV. 

A point, a circle, and a straight line, being given in position, to describe a circle which 
shall pass through the given point, and touch the circle and 
Fig, 41. straight line. 

Through the centre of the given circle draw b k (Fig. 41.) 
perpendicular to the given straight line, and let it cut the 
circle in b and f ; draw also b a to the given point a, and 
take B u a fourth proportional to b a, b e, b f ; if a circle be 
then described through the points a and c, touching the line 

^ ^ c D, it will touch also ihe given circle. 

rtg. 42. 

If the point a be within the circle, the construction will be 
the same: in this case it is evident that the line which ought 
to be touched by the required circle, must enter the given circle 
also; and there are even two circles which will resolve the pro- 
blem, as may be seen in Fig. 42. 

F 
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PROBLEM XXV. 

Two circles and a straiyht line being given; to describe a circle which shall touch 

them all. 

This problem is evidently susceptible of several eases; for the circle which touches 
the straight line may inclose both the other circles, or only one of them, or may le.ive 
them both without it ; but, for the sake of brevity, we shall confine ourselves to the 
last case, and leave the rest to the sagacity of our readers, who, when they compre- 
hend this solution, will find no ditficult^ to resolve the rest. 

Let there be given two ciicles, whose radii are c a and c a 
(Fig. 43. ), and let the line d e be given in position. In the 
piesent case, on the radius c a make a o equal c a, and with the 
radius c o describe a new circle; draw also beyond d £ the 
line d e parallel to D £, and distant from it by a quantity equal 
to c ai then, by the preceding problem, describe a circle 
thioiigh c, which shall touch the circle having for its radius o o, 
and also the straight line de; let the centre of this circle be a ; 
if its radius be diminished by the quantity a o or c a, the circle 
described with this new radius will evidently be a tangent to 
the tw^o given circles, as w'cll as to the straight line d e. 

PBOBLEM XXVI. 

Of inscnbing regular polygons in the circle. 

The following general method of inscribing regular polygons 
in the circle, is given in various books of piactical geometry. 
On the diameter ab (Fig. 44.) of the given circle, describe an 
equilateral triangle ; and divide this diameter into as many equal 
parts as the required polygon is intended to have sides ; then 
from E, the summit of the triangle, draw through c, the extre- 
mity of the second division, the line £ c ; and continue it till it 
meet the ciicutnference of the circle in i> : the chord A d, they 
sa>, will be the side of the requiicd polygon to be inscribed. 

We have noticed this method merely to say that it is eironcous, and could be in- 
vented only by a person ignorant of geometry, or else intended only as near the 
truth. For it may be easily demonstrated that it is false, even when employed for 
finding the simplest pol>gons, such lor example as the octagon, it will be found in- 
deed, by trigonometrical calculation, that the angle DC a, which ought to be 43°, is 
48° Its whence it follows, that the chord ad is not the side of the inscribed 
octagon. 

Kone of the regular polygons can be insciibed geometrically and without trial, by 
means of a rule and compasses, except the triangle, and those polygons deduced from 
it, by doubling the number of sides, as the hexagon, the dodecagon, &c. 

The square and those polygons deduced from it in like manner, as the octagon, the 
sedccagon, &c. 

The pentagon and those deduced from it, as the decagon, and the eikosiagon, &c. 

The pentedecagon and its derivatives, as the polygon of thirty sides, &c. 

The rest, such as the heptagon, enneogon, endecagon, &c., cannot be described by 
means of the rule and compasses alone, without trial ; and all those who have 
attempted this method, have failed or have pioduced ridiculous paralogisms. 

The following in a few words, is the method of describing geometrically in a 
circle, the five primitive polygons, which may be inscribed with the rule and 
compasses. 

k2 
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Fig> 45. 



Divide the circle a d b £ (Fig. 45 .) into four equal parts, 
by the two diameters a b and d e, intersecting each other at 
right angles ; then divide the radius CDinto two equal parts 
in F, and draw o f g parallel to a b : the line e g will be the 
side of the inscribed equilateral triangle, as well as g o 
and o E. 

The line e b, as every one knows, will be the side of 
the square. 

If K u be made equal to the radius, it is in like manner 
evident, that it will be the side of the hexagon. 

Divide the radius a c into two equal parts in i, and draw ei ; make i k equal to 
I c, and the chord £ l equal to the lemainder e K : £ l will be the side of the decagon ; 
and by making the arc l m equal to the arc £ l, we shall have the chord £ m for the 
side of the pentagon. 

Then divide the arc om, which is the difference between the arc of the pentagon 
and that of the triangle, into two equal parts in n, and draw the straight line o n, 
which w'ill be the side of the pcntadecagon, or polygon of 15 sides. 

Remaik. — The heptagon is susceptible of a construction, not geometrical, but 
approximated, which is pretty near the truth, and which on that account deserves to 
be known ; it is as follows ; First describe an equilateral triangle, or at least deter- 
mine the side of one, the half of which will be the side nearly of the insusceptible 
beptagoih li will he found indeed by calculuion, that the side of the triangle, radius 
being unity, will he equal to 0'60G02, the half of which is 0*43301, and the side 
of the heptagon is 0*43387 ; the difference therefore between it and half the side of 
triangle, is less than a thousandth part. Whenever then the thousandth part of the 
radius of the given circle is an insensible quantity, the above construction will ap- 
proach very near to the truth. 

It is much to be wished that methods of construction equally simple, and as 
near the truth, could be discovered for all other polygons; which indeed is not 
possible 


PROBLEM XXVII. 

T/ie side of a polygon of a given number of sides being known ; to find the centre of 
the circumscriptibfe circle. 

This problem is, in some measure, the reverse of the former, and may be easily 
solved for the same polygons. 

We shall say nothing of the triangle, the square, and the hexagon, because those 
who are acquainted with the first elements of geometry, know how to fkid the 
centre of an equilateral triangle and a square, and that the side of the hexagon is 
equal to the radius of the circumscriptihlc circle. 

We shall begin therefore with the pentagon , — Let a b 
(Fig. 46.) be the side of the pentagon ; at the extremity of 
which raise the perpendicular a c, equal to Jab; draw b c, and 
cut off from it c e = a c, and make £ F = b £ ; then with the 
centre a, and the radius a f, describe an arc of a circle, and 
from the point Ji, with the radius b a, describe another inter- 
secting the former in g : the line bo will be the position of the 
second side of the pentagon, and the two perpendiculars on the 
middle of the sides a b and bg will give, by their intersec- 
tion, be position of the centre h. 

Fo! the octagon.— Let ab (Fig. 47.) be the given side; on 
this line describe a semicircle, and raise the radius c g perpendi. 




GBOMBTRICAL PROBLEMS. 


133 


Fig, 47. 



ciilar, and indefinitely continued ; draw the aide of Ihe square 
B G, and make o f equal to the half of bg ; draw f b perpendi- 
cular to the diameter, and through the point e, where it cuts 
the semicircle, draw A e, which w’ill meet cg continued in d: 
this point d will be the centre of the circle required. 

For the decagon. — If a b (Fig. 46.) be the given side, find, as 
if a pentagon were to be constructed, the line B p, and from the 
points A and b with the radius a f, describe the isosceles triangle 
A A B : the point h will be the centre of the decagon. 


For the dodecagon^ and any other polygons what‘ 
Fig, 48 ever. — Let the line given for the side of the polygon 

be A B (Fig. 48.) With any radius whatever cd 

A 5 ' describe a circle, and inscribe in it the required 

dodecagon or polygon, the side of which we shall 

suppose to be n E : continue i> e to f, if a b exceeds 

\* y D F, so^that D F shall be equal to a b, and then draw 

\ ^ c E, and its parallel f g; the point where the latter 

meets the diameter d ii continued, will evidently be 
the centre of the circle, in which the required polyi^on is inscriptible. 

Thouf^h we have given particular meihod>i foi the pentagon, octagon, and decagon, 
it ii. evident that the la^.t method may be applied equally to them all. 

We '•hall rnnclude this article, on polygons, with the two useful tables, one of 
which contains the sides of the polygons, the radius of the circle being given, and the 
o' her the length of the radius, the side of the polygon being known. If the radius of 
the circle then be expressed by 100000, the side of the inscribed triangle will be 


willi’.n an unit of 17320.5 

that of the square 141421 

that of the pentagon .... 117557 

that of the hexagon KKMKK) 

that of the heptagon .... 80777 

that of the octagon ...«#• 70.530 

that of the enneagon .... 08404 


that of the decagon 61 803 

that of the endccagon .... 50347 

that of the dodeeagon .... 51703 

that of the tredecagon. . . . 47844 

that of the tesseradecagon. 44503 
that of the quindeeagon . . 41582 


On the other hand, if the side of the polygon be 100000, the radius of the circle will 


be, in the case of the triangle 57735 | 


of the square 70710 

of the pentagon 8.5005 

of the hexagon • • lOOfXK) 

of the heptagon • • J 15237 

of the octagon 130057 

at the enneagon 140190 


of the decagon 101804 

of the endecagon 177470 

of the dodecagon 19.3188 

of the t redecagon 209012 

of the tesseradecagon .... 22470.3 
of the quindeeagon 240488 


PROBLEM XXVIII. 

Method of forming the different regular bodies. 

It was long ago demonstrated in geometry, that there can be only five liodies 
terminated by regular figures, all equal to each other, and forming with one another 
equal angles. These bodies are : 

The tetraedron, which is formed by four equilateral triangles. 

The cube, or hexaedron, formed of six equal squares. 

The octaedron, formed of eight equal equilateral triangles. 

The dodecaedron, formed of twelve equal pentagons. 

The icosaedron, formed of tw'enty equilateral triangles. 

Two methods may be employed to form any one of these regular bodies. The 
first is, to construct a sphere, and then to cut off the excess, so that the remainder 
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shall form the regular body required ; the other, which resembles the process used 
in stone-cutting, consists in first tracing out on a plane, made at hazard, one of the 
faces of the body to be formed, and then cutting out the adjacent faces, under the 
determinate angles. 

To resolve then the problem in question, we shall first answer the following 
questions. 

1st. The diameter of a sphere being given, to find the sides of the faces of each of 
the regular bodies. 

2d. To find the diameters of the less circles of that sphere, in which the faces of 
each of these bodies are inscriptiblc. 

3d. To determine the opening of the compasses, with which each of these circles 
may be described on the surface of the same sphere. 

4th. To determine the angles which the contiguous faces form with each other, in 
their common intersection. 

Ist. A sphere being given ; to find the sides of the faces of each of the five 
regular bodies. 

Let A n c (Fig. 49. ) be the half of a great circle of the given 
sphere, and a c one of its diameters. Divide a c into three 
equal parts, and let a i be two thirds ; draw f i perpendicular 
to the diameter, cutting the circle in k, and join af: this 
line will be one of the faces of the tetraedron, and c k will be 
that of the cube oi hexaedron. 

Then, through the centre f, diaw the radius f b, perpendi- 
cular to A c, cutting the circle in b, and join a b ; this line a b 
will be the side of the oetaedron inscribed in the same sphere. 
The side of the dodccncdron will be found, by dividing ec, the side the hexaedron, 
in mean and extreme ratio, and taking for the side of the dodecaedron the larger 
segment c k. 

Lastly, from a, the extremity of the diameter, draw the perpendicular a g, equal 
to a c, and from the centre f drawn the line f g, intersecting the circle in h ; ah 
will be the side of the icosaedron. 

The radius of the circle being 1(X)00, the side of the tetraedron will be found, by 
calculation, to be equal to 10329; that of the hexaedron or cube, 11546; that of 
the oetaedron, 14142; that of the dodecaedron, 77136; and that of the icosaedron, 
10514. 

2d. To find the radius of the lesser circle of the sphere, in which the face of the 
ptoposed regular body is insutptible. 

The method of determining the ladius of the circle circnmscriptiblc to the triangle, 
the square, and the pentagon, which are the only faces of the regular bodies, has 
been shewn already, and consequently the problem is thus solved. 

To express them in numbers, us we know that w’hcn the side of the equilateral 
triangle is 10000, the radius of the circumscribing circle is 5773, therefore, as the side 
of the tetraedron is 16329, nothing is necessary but to say, As 10000 is to 5773, so is 
16329 to a fourth proportional, which will be f)426. 

It will be found, in like uianner, that the radius of the lesser circle, in which the 
oetaedron ran be inscribed, is 81 04. 

And it will be found also, that the radius of the circle in which the face of the 
icosaedron can be inscribed, is 6070. 

The side of the square being ICXKX), the radius for the circumscribing circle, as is 
well known, is 7071 . which will give for the radius of the face of the hexaedron, 
8164. 


Fig, 49, 
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Lastly, tlie side of the pentagon being 10000, we shall have for the radius ot the 
cireumscribing circle 850G, which will give for the radius of the face of the dodecae- 
dron, 0070. 


Fig. 50, 


3d. To determine the opening of the compasses, with which the circle, capable of re- 
ceiving the face of the regular body, ought to be described on the sphere. 

This is very easy; for if ef (Fig. 50.) be the radius of the 
lesser circle of the spheie, capable of receiving the given face, 
it is evident that i* i> is the opening of the compasses pioper for 
describing this circle on the surface of the sphere. But e f is 
the sine of the angle rcD, which will consequently be given; 
and F D is the double of the sine of half this first angle : f i> 
therefore may be found by seeking in the tables for the angle 
F r D, then halving it, aftei wards seeking for the sine of that 
half, and then doubling this sine. This operation will give the 
value of FD, which in the case of the tatraedion will be 11742; in those of the 
hexaedron and octaedron, 9192; and in those of the dodecaedron and icosaedion, 
9408. 



4th. To find the angle formed by the faces of the diffetent regular bodies. 

Describe a circle (Fig 51.) as large as possible, and determine 
in it the side of the regular body required ; if a perpendicular 
be then let full from the centre on this side, it will be the dia- 
meter of a second circle, wdneh must also be described. We 
R shall here suppose that this diameter is a b. 

Describe then, on the side of the regular body found, the 
proper polygon, or at least find the centie of the circumscribing 
ciicle, and from this centre let fall a perpendicular on the side 
which has been found ; in the second circle already mentioned, make the lines a d 
and A c equal to this perpendicular, and the angle d a c will be equal to the angle 
requiicd. 

It will be found, by calculation, that this angle, for the tetraedron, is 70° 32^ ; for 
the hexaedron, 90° ; this is evident because the faces of the cube are percendicular 
to each other; for the octaedron, 109° 28'; for the dodecaedron, 116° 34'; and for 
the icosaedron, 138° 12'. 

We shall here collect all these dimensions in the following table, where we sup- 
pose the radius of the sphere to be 100(X) parts. 


Fig.5\. 


c 



KameBof the 
regular bodies. 

Sides 
of the 
faces. 

Radii of the 
cmumscribing 
circles. 

Distances 
fiom the 
poles. 

Angles of 
the contiguous, 
faces. 

Tetraedron 

16329 

9426 

11742 

70° 32' 

Hexaedron 

11540 

8164 

9192 


Octaedron 

14142 

8164 


109 28 

Dodecaedron 

773,36 


6408 

116 34 

Icosaedron 

10514 

6070 

6408 

138 10 


It will now be easy to trace out, by either of the above methods, any required 
reguhu- body whatever. 

First method.— \jet> it be required, for example, to foim a dodecaedron from a 
sphere. First describe a circle of a diameter equal to that of the sphere, and deter- 
mine in it the side of the dodecaedron, or the side of the pentagon, which is one of 
its faces ; also the radius of the circle in which this pentagon can be inscribed, and the 
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opening of the compasses proper for describing it on the sphere ; which may be easily 
done by the precepts before given. 

Or, if we suppose the radius of the proposed sphere to be 10000 parts, take upon 
a scale 6408 of these parts, and with this opening of the compasses describe, on the 
surface of the sphere, a circle on the circumference of which the five angles of the 
inscriptible pentagon may be determined ; from two neighbouring points describe, 
with the same opening of the compasses, two arcs, the intersection of which will be 
the pole of a new circle, equal to the former : continue in this manner, from every 
two points, and you will have the five poles of the five faces, which rest on the 
first. In like manner, you may easily determine the other poles, the last of which, 
if the operation be exact, ought to be diametrically opposite to the first. Lastly, 
from these twelve poles, describe two equal circles, which will both be cut into five 
equal parts, and these will determine twelve segments of a sphere, which being cut 
off, will give the twelve faces of the dodecaedron required. 

Second method.— liawmg first found out, on the proposed block, a plane face, de- 
scribe on it the polygon belonging to the regular body required ; then cut out, on 
each side of this polygon, a new plane, inclined according to the proper angle, as 
determined in the above table, or which has been traced out by means of the 
geometrical construction before given, and you will thus obtain so many plane faces, 
on which new polygons, having one side common with the first polygons, must be 
described. If the same thing be done on these polygons, you will at length arrive 
at the lust, which, if the operation has been exactly performed, must be peifectly 
equal to the first. 


5th. To form the same bodies of a piece of card. 

If you are desirous of forming these bodies of a piece of card or stiff paper, the 
following method will be the most convenient. 

First trace out on the card all the faces of the 
required body, viz. four triangles for the tetrae- 
dron, as seen Fig. 52, No. 1, six squares for the 
cube, as No. 2, eight equilateral triangles for the 
octaedron, No. 3, twelve pentagons for the dode- 
caedron, No. 4, and twenty equilateral triangles 
for the icosaedron. No. 5. If you then cut the 
edges, it will be easy to fold up the faces so as to 
join, and if they be then glued together, you will 
have the regular body complete. 

The ancient geometricians made a great many geometrical speculations respecting 
these bodies ; and they form almost the whole subject of the last books of Euclid’s 
Elements. A modern commentator on Euclid, M. de Foix Candalle, has even ex- 
tended those speculations, by inscribing these bodies within each other, and com- 
paring them under different points of view; but, at present, such researches are 
Considered as entirely useless. They were suggested to the ancient, by their be- 
lieving that these bodies were endowed with mysterious properties, on which the 
explanation of the most secret ph^nonomena of nature depended. With these 
bodies they compared the celestial orbs, &c. But since rational philosophy has 
begun to prevail among mankind, the pretended energy of numbers, and that of the 
regular bodies of nature, have been consigned to oblivion, along with the other 
visions, which were in vogue during the infancy of philosophy, and the reign of 
Platonism. For this reason, we shall say nothing farther of these speculations, and 
confine ourselves to a very curious problem, respecting the cube or hexaedron. 


Fig. 52. 
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PROBLEM XXIX. 

To cut a hole in a cube, through which another cube of the same size shall be able to 

pass. 

If we conceive a cube raised on one of its angles, in sucb a manner, that the 
diagonal passing through that angle shall be perpendicular to the plane which it 
touches ; and if we suppose a perpendicular let fall on that plane from each of the 
elevated angles, the projection thence resulting will be a regular hexagon, each side 
and each radius of which may be found in the following manner. 

On the vertical line ab (Fig. 53.) equal to the diagonal of the 
cube, the square of which is triple to that of the cube, describe a 
semicircle, and make a c equal to the side of the cube ; from the 
point c let full, on the horizontal tangent of the circle in b, the per- 
pendicular c E, B E will be the side and the radius of the required 
hexagon ahedy Fig. 54. 

When this operation is finished, describe on its hexagonal projec- 
tion, and around the same centre, the square w’hich foims the pro- 
jection of the given cube placed on one of its bases, so that one of 
sides shall be parallel, and the other perpendiciihir to the diameti r 
a c : it may be demonstrated, that this square can be contained within 
the hexagon, in such a manner, as not to touch with its angles any 
of the sides: a square hole therefore, equal to one of the bases 
of the cube, may be made in it, in a direction parallel to one of its 
diagonals, without destroying the continuity of any side ; and con- 
sequently another cube of equal size may pass through it, provided 
it be made to move in the direction of the diagonal of the former. 

PROBLEM XXX. 

With one sweep of the compassesy and without altering the openingy or changing the 
centrcy to describe on oval. 

This problem, as is the case with others of a similar kind, is a mere deception ; 
for it is not specified on what kind of surface the required cui ve ought to be de- 
scribed. ITiose to whom this problem is proposed, will think of a plane suiface, 
and therefore will consider it impossible, as it really is ; while indeed the surface 
meant is a curved one, on which it may be easily performed. 

If a sheet of paper be spread round on a cylindric surface, and if a circle be de- 
sciibed upon it with a pair of compasses, assuming any point whatever as a centre, 
it is evident that, when the sheet of paper is extended on a plane surface, we shall 
have an oval figure, the shortest diameter of which will be in the direction correspond- 
ing to that of the axis of the cylinder. 

We should however be deceived, were we take this curve for the real ellipsis, so 
well known to geometricians. The method of describing the latter is as follows. 

PROBLEM XXXI. ^ 

To describe a true oval or ellipsis geometrically. 

The geometrical oval is a curve with two unequal axes, and having in its greater 
axis two points so situated, that if lines be drawn to these two 
points, from each point of the circumference, the sum of these 
two lines will always be the same. 

Let AB (Fig. 55.) then be the greater axis of the ellipsis to 
be described ; and let d e, intersecting it at right angles, and 
dividing it into two equal parts, be the lesser axis, which is also 
divided into two equal parts in c; from the point B m a 



Fig. 5^, 
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centre, with a radius equal to a c, describe an arc of a circle, cutting the 
greater axis in f and /; these two points are what are culled the foci; fix iii 
each of these a pin, or, if you operate on the ground, a very btraight peg; then 
take a thread, or a chord if you mean to describe the figure on the ground, having 
its two ends tied together, and in length equal to the line a b, plus the distance f / ; 
place it round the pins or pegs r f ; then stretcih it as seen at f o/, and with a 
pencil, or sharp pointed instrument, make it move round from b, through d, a, and 
E, till it return again to n ; the curve described by the pencil on paper, or on the 
ground by any sharp instrument, during a whole revolution, will be the curve 
required. 

This ellipsis is called the Gardener’s Ovsil; because when gardeners describe that 
figure, they use this method. 

It is here seen that the geometric ellipsis, or oval, is, as we may say, a circle with 
two centres ; for in the circle the distance from the centre to any point of the cir- 
cumference, and from that point back to the centre, is always equal to the same sum, 
viz. the diameter. In the ellipsis, where there are two centres, the distance from 
one of them to any point of the circumference, and from that point to the other 
centre, is always equal to the same sum, or to the greater diameter- 

A circle therefore is nothing else than an ellipsis, the two foci of which, by con- 
tinually approaching, have at length been united and confounded with each other. 

Another method of describing an ellipsis, which may be also used sometimes, is as 

Let ABC (Fig. 56.) be a square, and b h and the two 
semi-axes of the ellipsis to be described. Provide a rule, such 
as B D, equal to the sum of these two lines, and having taken 
E F equal to B n, fix in the point f, by some mechanism which 
may be easily invented, a pencil or piece of chalk, capable of 
tracing out a line upon paper ; then make this rule turn in the 
given right angle, in such a manner, tliat its two extremities 
shall always touch the sides of that angle, and during this 
movement the pencil fixed in p will describe a real geometrical 
ellipsis. 

It may be readily seen, that if the pencil or chalk were fixed in the point o, which 
divides d £ into two equal parts,, the curve described w^ould be a circle. 

Remarh , — Another sort of oval, very much used by architects and engineers, when 
they intend to form a flat or an acute arch, is called by the French workmen anses 
de paniers. It consi'-ts of several arcs of circles having different radii, which mu- 
tually touch each other, and which represent pretty nearly a geometrical ellipsis. 
But it has one fault, which is, that however well these arcs touch each other, a nice 
eye will always observe at the place of junction an inequality, which is the eflfect of 
the sudden transition of one curve to another that is larger. For this reason, any 
arch which rises on its pier without an impost, seems to form an inequality, though 
the arch at its junction with the pier may touch it exactly. 

This inconvenience however is compensated by one advantage, which is, that for 
the voussoirs of the arch, there is no need but of two panneaux, or model boards, if 
the quarter of the oval be formed of two arcs, or of three if it be formed of three ; 
whereas, if it were a real ellipsis, it w'ould have occasion for as many panneaux as 
voussoirs. If any one however should have the courage, and it would require no 
small degree of it, to surmount this difficulty, we entertain no doubt that the real 
ellipsis would have more beauty than this bastard kind of it. 


Fig. 56. 




GEOMETRICAL PROBLEMS. 


139 


PROBLPM XXXIT. 

On a given hanet to describe an infinite number of triangles^ in which the sum of the 
two sideSf standing on the base, shall be ahx'ays the same. 

This is only a corollary to the preceding problem. For on a given base let there 
be described an ellipsis, having the two extremities of that base as its foci : all the 
points of the ellipsis will be the summits of as many triangles on the given base P a/, 
F gfy (Fig. 55.), and the sum of their sides will be the same ; consequently they will 
all have the same perimeter, and the gieatest triangle will be that which has its two 
sides equal ; for it is that which has the summit at the most elevated part of the 
ellipsis. 


Fig. 51, 



THEOREM VI. 

Of all the isoperimetric figures^ or figures having the same perimeter^ and a determi- 
nate number of sidesy the greatest is that which has all its sides and all its angles 
equal. 

We shall first demonstrate this theorem in regard to triangles. 
Let A r n (Fig. 57.) then be a triangle on the base a b, the sides 
of which AC and cn are unequal. We have already shewn, 
that if there be consti ucted a triangle a f b, the equal sides of 
which A r and r n are together equal to a c and c b, the triangle 
A 1- n will be greater than a c b. 

For the same reason, if there be constructed, on a r as a base, 
the triangle a b F, the sides of which, a b and b f, arc cqucd to 
each other, and together equal to a b and b r, the triangle A 6 F will be greater than 
A F B. In like manner, if we -suppose r a and a h equal, and their sum equal to F a 
and A B, the lattei triangle i ab will be still greater than a f b, which has the same 
perimeter, &c. But it may be readily seen by this operation, that the three sides of 
a triangle always approximate towaids equality, and that, by conceiving it continued 
ad infinitum, the triangle would at length become equilateral, and consequently the 
equilateral triangle will be the greatest of all. 

For example, if 'the three sides of the first triangle be 12, 13, 5, the sides of the 
second will be 12, 9, 9; those of the third 9, 10^, 10^; those of the fourth 10^, 9f, 
95 ; those of the fifth 9^, 10|, 10^; those of the sixth 10|, 9|g, 9^^; those of the 
seventh 9^|, 10^, 10/j, and so on ; by which it is seen that the difference always de- 
creases ; so that at last the three sides become 10, 10, 10, and the triangle will then 
be the greatest of all. 


Fig, 58. 


If wc now take a rectilineal polygon, such as a b c B e f (Fig. 
58.), all the sides of which arc unequal : diaw the lines a c, c e, 
and E a. By what has been already shewn it will be seen, that 
if an isosceles triangle a 5 c be described on a c, in such a 
manner, that a b and b c shall be together equal to a b and 
B c, the polygon, though of the same perimeter, will become 
greater by the excess of the triangle A 5 c above a b c. If the 
same thing be done all around, the surface of the polygon will be 
continually augmented; all its sides and its angles will more 
and more approach to equality ; and consequently the greatest of all will be that which 
hfis all its sides and angles equal. 

We shall now demonstrate, that, of two regular polygons, having the same peri- 
meter, the greater is that which has the greatest number of sides. For this purpose 
let any polygon, an equilateral triangle for example, be circumscribed round a circle, 
and let R F H I (Fig. 59.), be an hexagon circumscribed about the same circle : it is evi- 
dent that the perimeter of the latter will be less than that of the triangle; for the 
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Fig. 59. parts j z, o h. and i r, are common, and the side o f is 

less than f b plus b g, &c. ; a hexagon, concentric to the 
former, and equal in perimeter to the triangle, which we 
here suppose to be m n o, will therefore be without the 
hexagon k f H ; consequently the perpendicular c / will 
be greater than c b. But as the triangle has the same 
perimeter as the hexagon m N o, their areas will be as 
the perpendiculars c l, c /, let fall from the centre of the 
circle ; and therefore the hexagon, having the same peri- 
meter as the triangle, will be the greater. 

What has been demonstrated in regard to a triangle and hexagon of the same peri- 
meter, is evidently applicable to any other two polygons, one of which has a number 
of sides double to that of the other ; consequently the more sides a polygon of a 
determinate perimeter has, the greater is its area. 



Remarks 1st. This leads us to a consequence much celebrated in geometry, 

which is ; that of all the figure®, having the same perimeter, the circle is of the greatest 
capacity ; for a circle is only a polygon of an infinite number of sides, or, to use a more 
geometrical expression, is the last of the polygons resulting from their sides being con- 
tinually doubled ; consequently it is the greatest of all. 

2d. We shall here lemark also, that if upon any determinate base, and with a de- 
terminate perimeter, there be described several figines, the greatest will be that 
which has the greatest number of sides, beside the base, and which approaches nearest 
to regularity ; hence it follows, that if it be required to describe, with a determinate 
length, on a given base, the greatest figure, that figuie will be the segment of a circle, 
viz. a segment having that base for its chord, and for its arc the given length. 

All these things may be demonstrated by a mechanical consideration. For let us 
suppose a vessel, the sides of which are flexible, and that any liquor is poured into 
it ; the sides it is certain will arrange themselves in such a manner as to contain the 
greatest quantity possible. On the other hand, it is well known that the vessel will 
assume the cylindric form ; that is to say its base and the sections parallel to the base 
will be circular ; hence it follows that, of all figures having the same perimeter, the 
circle is that which comprehends the greatest area. 

By means of the above observations it will be easy to solve the following questions. 

I. — A has a field 500 poles in circumference ^ which is square ; B has one of the 
same circumference which is an oblong, and proposes to a an exchange. Ought 
the latter to accept the offei f 

It is easy to answer that he ought not ; and a would sustain more loss by the ex- 
change the greater the inequality is between the sides of the field belonging to b. This 
inequality might even be such, that the latter field would be only the half, or the 
fourth, or the tenth part of that of a. For let us suppose the field of a to be 100 
poles on each side ; and that the field of b is a rectangle, one side of which is 190 
poles, and the other 10, by which means it will have the same perimeter as the other ; 
it will however be found that the surface of the latter will be only 1900 square poles, 
while that of the former will be 10000. If one side of the field belonging to b were 195 
poles, and the other 5, which would still make the perimeter 400 poles ; its surface 
would be only 975 poles, which is not even a tenth part of that of the field belong- 
ing to A. 

II. — A farmer borrowed a sack of wheat, measuring 4 feet in length, and 6 feet in cir^ 
cunference ; for which he returned two sacks of the same length, and each 3 feet in 
circumference : did he return the same quantity of wheat f 
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He returned only half the quantity ; for two equal circles, having the same perimeter, 
taken together, as a third, do not contain the same area ; the ai ea of both is only 
the half of the third, each of them being but a fourth of it. 

III. A green-grocer purchased for a certain sum, as many heads of asparagus as 

could be contained in a string a foot in length ; being desirous to purchase double 
that quantity, he returned next day to the market, with a string of twice the length, 
and offered to double the price of the former quantity, for as many as it would con- 
tain. Was his offer reasonable f 

No the man was in an error to imagine that a string of twice the length would con- 

tain only double the quantity of what he purchased the preceding day ; for a circle 
which has its circumference double to that of another, has its diameter double also. 
But the area of a circle, the diameter of which is double to that of another, is equal 
to four times the area of the other. 

Remark It remains for us to observe here that as the circle of all the figures 

having an equal perimeter, is the greatest; the sphere among the solids is that which 
contains the greatest volume. Thus, if it were required to make a vessel of a deter- 
minate capacity, but in such a manner as to save the materials as much as possible, 
it ought to be in the form of a sphere. But this will be better illustrated by the fol- 
lowing problem. 

problem XXXIII. 

A gentleman wishes to have a silver vessel of a cylindric form, open at the top, capable 
of containing a cubic fool of liquor ; hut being desiious to save the material as much as 
possible, requests to know the pi oper dimensions of the vessel. 

If we hupposc that the vessel ought tobeu line in thickness, for example, it is 
evident that the quantity of the matter will be proportional to the surface. The 
question then is : Of all the cylinders, capable of containing a cubic foot, to deter- 
mine that which shall have the least surface, exclusive of the top. 

It will be found that the diameter of the base ought to be IG inches 4 lines ; 
and the height 8 inches 2^ lines, which is the ratio of nearly 2 to 1 between the 
diameter and the height. 

If it were required to have the vessel in the form of a cask, close at both ends, the 
que'^tion would be : To find a cylinder which shall have its whole surface, compre- 
hending the two bases, greater than that of any other of the same capacity. In this 
case the diameter of the base ought to be 13 inches, and the height 12 inches 5} line. 

PROBLEM XXXIV. 

On the form in which the Bees construct their Combs, 

The ancients admired bees on account of the hexagonal form of their combs. They 
observed that, of all the legular figures which can be united, without leaving any 
vacuum, the hexagon approaches nearest to the circle, and with the same capacity 
has the least perimeter ; whence they inferred that this animal was endowed with a 
sort of instinct, which made it choose this figure as that which, containing the 
same quantity of honey, would require the least wax to construct the comb; for it 
appears that bees do not prepare wax on its own account, but in qrder to construct 
their combs destined to be the repositories of their honey, and receptacles for their 
young. 

This however is far from being the principal wonder in regard to the labour of 
bees, if we can give the name of wonder to a labour blindly determined by a peculiar 
organization; for it may be remarked, in the first place, that it is not absolutely 
wonderful that small animals, all endowed with the same activity and the same 
force, pressing outwards, from within, small cells all arranged close to each other, 
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and all equally flexible^ should give them, by a sort of mechanical necessity, a hexa- 
gonal form. If we suppose indeed a multitude of circles, or small cylinders, highly 
flexible and somewhat extensible, close to each other, and that forces acting inter- 
nally, and all equal, tend to make heir sides approach each other, by filling up 
the vacuities left between them, the first form they will assume will be the hexa- 
gonal ; after which all these forces remaining in equilibrium, nothing will tei^d to 
change that form. 

However, not to deprive the bees of the admiration which they have excited in 
the above respect, we shall remark that this is not the manner in which they labour. 
They do not first make circular cells, and then transform them into hexagons by 
extending them in concert. The cells, which terminate an imperfect comb, are 
composed of equal planes inclined to each other, nearly in that angle which the hexa- 
gonal form requires. But let us proceed to another singularity, still more wonder- 
ful, in regard to the labour of bees. 

This singularity consists in the manner in which the bottom of their cells is formed. 
We must not indeed imagine that they are all uniformly terminated by a plane perpen- 
dicular to their axes ; there is a method of terminating them which employs less wax, 
and even the least possible, still leaving to the cells the same capacity ; and it is this 
method which thc^e insects adopt, and which they execute with great precision. 

To execute this disposition, itis necessary, in the first ])lacc,that the tworows ofcells, 
of which it is well known a comb consists, and which stand back to back, should not be 
arranged so as to make their axes correspond, but in such a manner 
that the axis of the one may be in a line with the common j uncture 
of three posterior. As is seen Fig. CO, where the hexagon de- 
scribed with black lines corresponds with the three formed of 
(Jotted lines, which represent the plane of the posterior cells ; 
and it is thus that the colls of bees are arranged, to suit the dis- 
position of their common bottoms. 

Ill these('ond place, to give an idea of this disposition, let us 
suppose an hexagonal prism, the upper base of which is the hexa- 
gon A B c D x F (Fig. Cl.) with a triangle a k c inscribed in it. 
Let the axis p o be continued to h, and through the point s and 
the .side a c let a plane pass, which shall cut olf from the prism 
the angle B, so as to foim a rlioraboiddl face a s c t; such is 
one of the bottoms of the cell of a comb: if two other similar 
plcincs lie made to pass through 8 and the sides a e and £ c, they 
will form the other two ; so that the bottom is terminated by a 
triangular pyramid. 

It may be readily seen, that wherever the point 8 may be situated, as the pyramid 
A c 0 s is always equal to a c b t, and as the case is the same with the rest, the capa- 
city of the cell will not vary, whatever he the inclination of that part of the bottom 
turned towards a c. But the ease is different with the surface where there is such 
an inclination, that the whole surface of the prism and of its bottom will be less 
than with any other inclination. It has been found, by the researches of geometri- 
cians, that, for this purpose, the angle formed by the bottom with the axis ought to 
be 54® 44' ; from which there results the smaller angle of the rhombus a t c or a s c, 
ecjual to 70° 82', and the other s a t or s c t of 109° 28'. 

But this is exactly the inclination of the sides of the parallelogram, formed by 
each of the three inclined planes of the bottom of the cells of a comb, as appears 
by the measurement of a great many of these cells. Hence there is reason to con- 
clude, that bees construct the bottom of their cells in the most advantageous form, 

80 as to have the least surface possible, and in euch a manner indeed, as can be de- 


do. 
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termin^d only by modern geometry.* Who can have given to these insects, so con- 
temptible, not in the eyes of the philosopher, who never despises the least of the 
works of the Deity, but in the eyes of the vulgar, that wonderful instinct, which 
directs them to perform so perfect a work, but the supreme Geometrician, of whom 
Plato said, what is verified more and mare as we become acquainted with the works 
of nature, that he does every thing numero, pondere^ et mensura, 

PROBLEM XXXV. 

What is the greatest polygon that can he formed of given lines 9 
It may be demonstrated that the greatest polygon that can be formed with given 
lines, is that about which a circle can be circumscribed. 

But it may be still asked, whether there be any particular order, in regard to 
the sides, capable of giving a greater polygon than any other arrangement. We can 
answer that there not; and that, whatever be the arrangement, if the polygon can 
be inscribed in a circle, it will be always the same ; for it may be easily demon- 
strated, that whatever be this order, the size of the circle will not vary ; the poly- 
gon will always be composed of the same triangles, having their summits at its 
centre : the only difference will be, that they will be differently arranged. 

PROBLEM XXXVI. 

What ts the largest triangle that can be inscribed in a circle ; and what is the least 
that can he cit eumscrihed about it 9 
The triangle required in both these cases is the equilateral. 

The case is the same with the other polygons. The greatest quadrilateral figure 
that can be inscribed in the circle, is the square ; this figure also is the least of all 
those that can be circumscribed about a circle. 

The regular pentagon is likewise the greatest of all the five-sided figures that eaii 
be inscribed in the circle,* and the same iigute is the least of all the pentagons that 
can be circumscribed about the circle. And so on. 


PROBLEM XXXVir. 


A B (JFig. 62. ) is the line of separation between two plains / one of which A c i b con- 
sists of soft sandf'in which a vigorous horse can scarcely advance at the rate of a 
league per hour ; the other A b d k is covered with fine turf where the same horse, 
without much fatigue, can proceed at the rate of a league in half an hour ; the two 
places c and D are given in position, that is to say the distance c a and l> b o/ each 
fi om the line of boundary a b, as well as the position and length of A B, are known ; 
now if a traveller has to go fiom d to c, what route must he pursue, so as to employ 
the least time possible on his journey 9 


Most people, judging of this question according to common ideas, would imagine 
that the route to be pursued by the traveUcr, ought to be the straight line. In this 
however they would be deceived, as may be easily shewn ; for if the straight line 
c ED be drawn, it may be readily conceived that it will bo gaining 
an advantage to perform, in the first plain, where it is difficult to 
travel, the part of the journey c f, whjch is somewhat shorter than 
c E ; and to perform in the second, where it is much easier to 
travel, the part f d, longer than d e, that is to say, than the space 
which would be passed over by going directly from c to d ; so that 
less time would really be employed to go from c to d, by c f and f d, 
than by c E and e d, though the road by the latter is shorter. 



^ * Iho Abbe Delisle says improperly, in the notes to the fourth Ixiok of his Translation of the 
(leorRjcs, that Ueaumcr. having piopohc! this problem to KoBnig, the atter, q/Ver « great many 
calculations, at length found the angle of the inclination ot tlie planes which form the bottom of 
tbew* I ells. Nothing howeiei is easier than the solution of this piobicm by means of fluxions: 
two hues of calculation ate suffiaent, and a solution m,»y even be given without that assistance. 
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This bdeed nuiy be debcmitrated hy calculation. For if ho be drawn per- 
p^n^Ottlar to 4 b, tbrougb the point r, it will be found that one can go from 
c to i>> in the leait time powible, when the lines of the angles cfo and df Bure 
to eac^ other respectiveljr in the inverse ratio of the velocity with which the tra- 
veller can pass Over the planes AciBandASDiC) that is to say, in the present case, 
as 1 to 2; and therefore the sine of the angle cf o, ought to be half only of that of 
the angle n f h. 


PBOBLSM ZXXVm. 

On a given base to describe an infinite number of iriangleSt in eueh a manner, that the sum 
of the squares of the sides shall be constantly the samct and equal to a given square. 

Let A B (Fig. 63 and 64.) be the 
given base, which must be divided 
into two equal parts in c ; then 
from the points A and b, with a 
radius equal to half the diagonal 
of the given square, describe an 
isosceles triangle, of which pis the 
vertex ; draw c f, and from the point* c, with the radius c r, describe a semicircle on 
A B. produced if necessary : all the triangles having a b for their base, and whose ver- 
tices are at f,/, <p, in the circumference of the circle, will be of such a nature, that 
the sum of the squares of their sides will be equal to the square given. 

Remark. — Every one knows that when the sum of the squares of the sides is equal 
to the square of the base, the triangle is right-angled, and has its vertex in the dr- 
cumference of the circle described on that base. Here it is seen, that if the sum of 
the squares of the sides is greater or less than the square of the base, the vertices of 
the triangles, which in this first case are Brute-angled, and in the second obtuse- 
angled, are always in a semicircle also, having the same centre, but on a diameter 
greater or less than the base of the triangle ; which is a very ingenious generalization 
of the well known property of the right angled triangle. 

PROBLEM XXXIX. 

On a given base, to describe an infinite number of triangles, in such a manner, that the 
ratio of the two sides, on that base, shall be constantly the same. 

Divide the given base a b (Fig. 65.) in such a manner 
in D, that a o may be to d b, in the given ratio, which we 
shall here suppose to be as 2 to 1. Then say, as the 
difference between a d and d b is to d b, so is a b to b e ; 
and if a D exceeds d b, b e must be taken in the direction 
abb; then divide d b into two equal parts in c, and from 
c as a centre, with the radius c d or c e, describe a semi- 
drde on the diameter d e : all the triangles, as afb, a/b, a b, &c., having the 
same base a b, and their vertices f, /, ^ in the circumference of this semicircle, will 
be of such a nature, that their sides af, fb; a/,/b ; a b, will be in the same 
ratio, viz., that of a d to d B, or of a e to e b, which is the same thing. 

But the centre c will be found much easier by the following construction : on a d 
describe the equilateral triangle a o i>» and on d b, the equilateral triangle dub; 
through their summits, o and h, draw a straight line, which being continued will 
cut the continuation of a B in the point c, and this point will be the centre required. 4 

TBEOREM vn. 

In a eirele, \f two chords, as a b and cD 66.) intersect each other at right 
angles ; the sum of the squares of their segments, o b, A e, b D, and E h, will always 
be equalto the square of the diameter. 


Fig. 65. 



Hy.63. Fig.ei. 
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The demonstration of this curious and elegant theorem, is exceedingly easy ; for 
it may be readily seen, if the lines b d and a c be drawn, that their two squares are 
together equal to the squares of the four segments in question. 
Moreover, by making the arc fc equal to ad, we shall have the 
arc F D equal to A c, and consequently the angle f d c equal to 
ACE, which is itself equal to abd; the angle f d b therefore 
will be a right angle, since it is equal to c d b and d b e, which 
together make a right angle ; hence the squares of f d and d b 
are equal to the square of the hypotheiiusc f b, which is the 
diameter. 

It must here be remarked, that the result would be the same, 
if we suppose the point e, where the chords meet, to be without the circle ; in that 
case the four squares, viz. those of e a, e b,e c, and e rf, would still be together equal 
to the square of the diameter. 

Remark. Circles being to each other as the squares of their diameters; it is evi- 

dent that if on e a, e b, e c, andi.D, as diameters, four circles be described, these 
circles will be together equal to the circle a c b d. And they will also be propor- 
tional ; for we know that b n is to e c as e i> is to e a. But if four magnitudes are 
proportional, their squares are so also. Moreover, it is evident that whatever be the 
position of these two chords, their sum will always be equal, at the most, to two 
diameters if they both pass through the centre ; or at Icasf to one, if one of them 
passes through the centre, and the other almost at the distance of a radius. By 
means of this theorem, therefore, it will be easy to solve the following problem. 

problem XL. 

To find four proportional circles, which taken together shall be equal to a given circle, 
and which shall be of such a nature, that the sum of their diameters shall be equal 
to a given line. 

It is evident, for the above reasons, that the given line must be less than twice the 
diameter of the given circle, and gi eater than once that diameter, or, which is the 
•ame thing, that the half of this lino must be less than the diameter of the given 
circle, and greater than its radius. 

This being premised; let the given line, the sum 
of the diameters of the required circles, be a 6 
(Fig. 67.) the half of which is a c / let A d b E be the 
given circle, the two diameters of which are ab and 
DE, pci pendicular to each other. On the ranii ca 
and CE continued, make the lines cf and co equal 
to a c, and draw f g, which will necessarily intersect 
c H, the square of the radius of the circle. In the 
part I K of that line comprehended within the square, 
assume any point l, from which draw the lines l M q, 
andLN r, the one parallel and the other perpendicular 
to the diameter a b ; through the points m and x, where 
they intersect the circumference of the circle, draw m ii and x q, the one parallel and 
the other perpendicular to a b : the chords x s and m t will be the two chords required. 

For it is evident that nq and mb are equal to Lg, and l r, which are together equal 
to c o or c f, or to the half of a 6 ; the whole chords then are together equal to ab; 
consequently, by the preceding theorem, they solve the problem, and the four 
dreies described on the diameters no, o m, os, and o t, will be equal to the circle 

A D B E. 

Remark The line F g may happen only to touch the circle ; in which case any 

point, except the point of contact, will equally solve the problem 

L 


Fig. 67. 
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Btti iff a intersect the circle, as seen Fig. 68, the point L 
must be assumed in that part of the line i K, which is with- 
out the circle, as seen in the same figure. 

This solution is much better than that given by M. Oza- 
nam ; for he tells us to take on ac (Fig. 67.) a portion less than 
the radius, and to set it off from c to ^ : then to draw the 
lines qvi and MR, and to set off the remainder of cc from o 
to r ; but it is necessary that the point r should fall beyond r, 
otherwise the two semi-chords would not intersect each other. 
In the last place, according to the magnitude of a c, in regard to the radius, 
there is a certain magnitude which must not he exceeded, and which M. Ozanam 
does not determine : this therefore renders the solution defective. 

PROBLEM XLI. 

Of the Tiiseciton and Multisection of an Angle, 

This problem is celebrated on account of the fruitlc‘*s attempts made, from time 
to time, to resolve it geometrically, by the help of a rule and compasses, and of the 
paralogisms and false constructions given by pretended geometrienins. But it is 
now demonstrated, that the solution of it depends on a geometry superior to the 
elementary, and that it cannot be effected by any construction in w liieh a rule and 
compasses only, or the circle and straight line, arc<.m[)lo>ed, except in a very few 
cases; such as those where the arc which measures the proposed angle is a whole 
circle, or a half, a fourth, or a fifth part of one. None theiefore b.ic people ignorant 
of the mathematics attempt at present to solve this problem by the common geometry. 

But though it cannot be solved by the rule and compasses alone, wntbout repeated 
trials, there are some mechanical constructions or methods, which, on account of 
their simplicity, deserve to he known. They are as follow : 

Let it be proposed, for example, to divide tl\e 
angle A BC (Fig, 00.) into three equal parts. From 
the point a Jet tall, on the other side of the angle, 
the ptrpendiruhr a c, and through the same point a 
draw the indefinite straight line ae parallel to BCf 
if from the point B you then draw to ae aline be, 
in such a manner, that the part f e, intercepted be- 
tween the lines a c and a b, shall be equal to twice the line a b, which may be 
done very easily by repeated trial, you will have the angle f b c equal to the third 
part of A B c. 

IfFE indeed be divided into two equal parts in d, and if ad be drawn; as the 
triangle f a e is right-angled, d will be the centre of the circle passing through 
the points F, a, e ; consequently da, de, and df will be equal to each other, and to 
the line a b ; the triangle a d e then will be isosceles, and the angles n a e and d e a 
will be equal; the external angle adf, w'hich is equal to the two inteiior ones 
DAE and DBA, will therefoie he the double of each of them. But as the triangle 
BAD is isosceles, the angle a bdIs equal to aob, and the angle aed, or its equal 
FBC, is half of the angle add; consequently the angle abc is divided by b e, iR 
such a manner, that the angle eb c is the third part of it. 

Another method. — Let the given angle be a c b 
(Fig. 70.) : from the vertex of it as a centre, de- 
scribe a circle, and continue the radius b c indefinitely 
to E ; then draw the line a e in such a manner, that 
the part d b, intercepted between b e and the circum- 
ference of the circle, shall be equal to the radius b c ; 
if c H he then drawn through the centre c, oarallel to 
A E, the angle b c h will be the third part of the given angle a c b. 


Ftg, 70. 



Fig. 69. 
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If tbe radius c x> be drawn, it may be readily seen that the angle h c ▲ Is equal, 
on account of tbe parallel lines, to ca© or ci> a. But tbe latter is equsd to the 
angles ©c e and ©sc, or to tbe double of one of them ; since c © and © £ are equal 
by construction ; and as tbe angle H c B is equal to © c i or © e c, the angle a c u is 
the double of h cb, and consequently a cbIs the triple of hob. 

PROBLEM XLII. 

The Duplication of the Cube, 

To double a rectilineal surface, or any curve whatever, as the circle, square, 
triangle, &c., is easy ; that is to say, one of these figures being given, it is easy to 
construct a similar one, which shall be the double or any multiple of it w’hatever, or 
which shall be in any given ratio to it at pleasure : nothing is necessary for this pur- 
pose, but to find the mean geometrical proportional between one of the sides of the 
given figure, and the line which is to that side in the given ratio, this mean will be 
the side homologous to that of the given figure. Thus, to describe a circle double 
of another, a mean proportional must be found between the diameter of the former 
and the double of that diameter ; this proportional will be the diameter of the double 
circle, &c. The case is the same with every other ratio. 

All this belongs to the elements of geometry. But to construct a double solid 
figure, or a figure in a given ratio to another similar figure, is a much more difficult 
problem, which cannot be solved by means of the circle and stiaight line, or of the 
rule and compasses, unless a method of repeated trial, which geometry rejects, be 
employed. This at present is clcaily demonstrated; but tbe demonstiation is not 
susceptible of being compiebeiided by every one. 

Respecting tbe origin of this problem, a very curious circumstance is related. 
During the plague at Athens, which made a dreadful havoc in that city, some persons 
being sent to Delphos to consult Apollo, the deity promised to put an end to the 
destructive scourge, when an altar, double to that which bad been erected to him, 
should he constructed. The artists who were immediately dispatched to double tbe 
altar, thought they bad nothing to do, in order to comply with the demand of the 
oiacle, hut to double its dimensions. By these means it was made octuple; but tbe 
god, being a better geometrician, wanted it only double. As the plague still con- 
tinued, the Athenians dispatched new deputies, who received for answer, that the 
altar was more than double. It was then thought proper to have recourse to the 
geometricians, who endeavoured to find out a solution of the problem. There is 
reason to think that the god was satisfied with an approximation, or mechanical solu- 
tion ; had he required more, the situation of the people of Athens w'ould have 
deserved pity indeed. 

There was no necessity for introducing a deity into this business. What is more 
natural to geometricians than to try to double a solid, and the cube in particular, 
after having found the method of doubling the square and other surfaces ? This is 
the progress of the human mind in geometry. 

Geometricians soon observed that, as tbe duplication of any surface consists in 
finding a geometrical mean between two lines, one of which is the double of the 
other, the duplication of the cube, or of any solid whatever, consists in finding the 
first of two continued mean proportionals between the same lines. We arc indebted 
for this remark to Hippocrates of Chios, who from being a wine merchant, ruined by 
shipwreck or the officers of the excise at Athens, became a geometrician. Since that 
time, all the efforts of geometricians have been confined meiely to the finding of two 
continued geometrical mean proportionals between two given lines, and these two 
problems, viz., that of tbe duplication of the cube, or, more generally, of the con- 
struction of a cube in a given ratio to another, and that of the two continued mean 
proportionals, have become synonymous. 

l2 
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The different methoda of solving this problem, some of which require repeated 
trial, and some no other instruments than a rule and compasses, are as follow : 

Ist. Let the two lines, between which it is required to find 
two mean proportionals, be a b and ac (Fig. 71.) Form of 
them the rectangle b ac n, and continue the sid^s ab and ao 
indefinitely; draw the two diagonals of the rectangle inter- 
secting each other in e ; and we shall then have the solution 
of the problem, if the line fdg terminated hy the sides of 
the right angle f a g, be drawn through the point D, in such a 
manner, that the points g and y shall be equally distant from 
the point r. ; for in that ca«c the lines a n, c g, ij f, and A c, 
will be continued in propoition. 

Or, with E ns a centre, describe an arc of a circle, as fig, in such a manner, that 
by drawing the line f g, it shall pass through the point d : wc shall then have a 
Bolution of tbc problem. 

Another method is as follows: Circumscribe a circle about the rectangle bacd; 
then through tbc point o, draw the lino f g, in such a manner, thnt the scgmjnts fj> 
and OH shall be equal: the lines c G and b f will be continued mean oroportionaJs 
between ab and ac. 


Bp, 71. 



2d. Form a right angle of the two given lines ab and bc 
(Fig. 72.) ; and having continued bc and ab indefinitely, 
from the point b as a centre, describe the semicircle de a ; 
draw also the line a c, and in the continuation of it find a point 
c of such a nature, that by drawing the line dghi, the 
segments g h and h i shall be equal to each other : the line 
11 II will be the first of the two means. 

3d. lict CA (Fig. 73.) be the first of the given lines: 
from the point c, with the radius c b, equal to the half 
of c A, describe a circle, and in this ciicle make the chord 
BD equal to the second of the given lines, which must 
be continued indefinitely; draw the indefinite line a be, 
and from the point c draw the line c e f, in such a man- 
ner, that the part e f, intercepted with the angle e d f, 
shall bc equal to c b ; the line d f will then bc the first 
of the required mean proportionals, and c e will be the 
second. This construction is that of Sir Isaac Newton. 


Bp. 72. 



“TT- 

Bp. 73. 



PROBLEM XLin. 

An anple, which ts not an exact portion of the circumference, being given, to find its 
value with great accuracy, hy means of a pair of compasses only. 

From the vertex of the given angle, with as great a radius as possible, describe a 
circle, and mark its principal points of division, as the half, third, fourth, fifth, sixth, 
eighth, twelfth, and fifteenth parts of the circumference ; then by means of the 
compasses take the chord of the given arc, and set it off along the circumference, 
from a determinate point, going round it once, twice, thrice, &e. ; and counting the 
number of times that the chord is applied to the circumference, until yon fall exactly 
on one of the points of division, which cannot fail to be the case after a certain 
number of revolutions, unless the given arc be incommensurable to the circumfer- 
ence ; then examine what the point of division is, or how many and what aliquot 
parts of the circumference it is distant from the first point ; add the number of de- 
grees which it gives to the product of 360 degrees multiplied hy the complete num- 
ber of turns made with the compasses, and divide the sum by the number of times 
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that the 'compasses were applied to the circumference : the quotient will he the 
number of degrees, minutes, and seconds, required. 

Let us suppose, for example, that the compasses, with an opening equal to the 
chord of the given arc, have been applied to the circumference seventeen times, and 
that after four complete revolutions they have coincided exactly on the second divi- 
sion of the circle divided into five equal parts. The fifth part of the circumference 
is 72®, and two fifths are 144° ; if 144 then be added to the product of 3G0° by 4 , 
which is the number of the complete revolutions, and if the sum 1584® be divided 
by 17, the quotient 93° 10" 35"' will be the value of the required arc. 

PROBLEM XLIV. 

A straight line being given ; to Jindy by an easy operation^ and without a scaUt to a 

thousandth, ten thousandth, hundred thousandth, ^c, part, nearly, its proportion to 

another. 

Let the first or least of these lines be called a, and second b. 

Take with a pair of compasses the extent of the line a, and set it oflf as many 
times as possible on b; we shall here suppose that A is contained in the latter three 
times, with a remainder. 

Take this remainder in the compasses, and set it o/T, in like manner, on the line B, 
as often as possible : we shall suppose that it is contained in it seven times, with a 
remainder. 

Take the second remainder, and perform the same operation on the line B, in which 
we shall suppose it to be contained 13 times, with a remainder ; and, in the last place, 
let us suppose that this third remainder is contained in b exactly 24 times. 

Then form the following seiies of fractions ; reduce them 

to decimal fractions, which will be 0*333333, 0*047019, 0*003663, 0 000152. The 
given line is in decimals equal to the first of these fractions, minus the second, plus 
the third, minus the fourth, which gives* 0*289225, without the eiroi of one of these 
parts entirely, that is to say of a millionth part. 

It may be ea<^ilv ^een that no scale, however small the divisions, could give so ap- 
proximate a ratio ; and even if we suppose such a scale to exist, there would still 
remain an uncertainty in regard to the division on which the extremity of the given 
line would fall ; whereas, a line afiplied with the compasses along a greater one, can 
never leave any uncertainty in regaid to the number of times it is contained in it, with 
or without a remainder. 

If the above fractions be added in the usual manner, we shall find that the given 
line is equal to of the second. 


PROBLEM XLV. 

To make the same body pass through a square hole, a round hole, and an 
elliptical hole. 

We give a place to this pretended problem, merely because it is foun^in all the 
Mathematical Recreations hitherto published ; for nothing is easier to those who are 
in the least acquainted with the simplest geometrical bodies. 

Provide a right cylinder, and suppose it to be cut through its axis; this section 
will be a square or a rectangle ; if cut through a plane perpendicular to the axis, the 
section will be a cir(*le ; and if cut obliquely to that axis, the section will be an 
ellipsis. Consequently, if three holes, the first equal to this rectangle, the second 
to the circle, and the third to the ellipsis, be cut in ft piece of wood ,or pasteboard, 
it is evident that the cylinder may be made to pass through the first of these boles, 
by moving it in a direction perpendicular to its axis ; it will also pass through the cir- 
cular hole when moved in the direction of its axis ; and through the elliptical hole, 
when held with the proper degree of obliquity ; in all these cases it will exactly touch 
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the edges of the hole» so that if the hole were smaller it would be impossible to make 
it pass through it. 

This problem might be solved by means of other bodies ; but it is so simple that 
nothing farther needs be said on the subject. 

PROBLEM XLVI. 

To measure the circlet that is to sm/t to find a rectilineal space equal to the circlet or 

more generalhj, to find a straight line equal to the circumjerence of the circlcy or to 

a given arc of that cn curnference. 

We are far from pretending to give an exact and perfect solution of this problem : 
it is more than prol)}il)lc that it will ever baffle the efforts of the human mind; but 
it is allowed in geometiy, that when a problem cannot be completely solved, it is 
some merit to approach near to it, and the more so when the unknown quantity is 
circumscribed within the nearest limits. But though geometricians despair of ever 
being able to find the exact measure of the circle, they have accomplished things 
highly worthy of notice; for they have found means to approach so near to it that 
even if the radius of a circle were equal to the distance between the sun and the first 
of the fixed star^, it is certain that its circumference might be found from the radius, 
without the error of a hair’s breadth. This is doubtless more than sufficient to 
answer the nicest purposes in the arts; but it must be allowed that it would give 
great pleasure to a geometrical genius, to be able to tell exactly the measure of the 
circle; that is to say, to know it with the same precision that we know, for example, 
that a parabolic segment is equal to two thirds of a parallelogram having the same base 
and the same altitude. 

I. — The diameter of a circle being given; to find, in approximate numbers, the circuntm 
fertnee ; or vice versa. 

When moderate exactness only is requiied, we may employ the proportion of 
Archimedes, who has deiuonstrated that the diameter is to the cii curnference nearly 
as 1 to or as 7 to 22 

If we thciefore make this propoition: as 7 is to 22 , so is a given diameter to a 
fourth term ; or if vve triple the diameter and add to it a seventh, we shall have the 
circumference veiy nearly. 

I'he circumference of arircle,the diameterof w'hichis equal to 100 feet, will be found 
thcrefoie to be 314 feet 3 inches 5,^ lines ; the error in this case isahout 1 inch 0 lines. 

If we are desiious of approaching still nearer to the truth, we must employ the 
proporfion of INletius, uhich is that of 113 to 355: we must therefore say as 113 to 
355, so IS the given diameter to the required eiicuinfercncc. The same diameter as 
before bc'ing siippo'^ed,* w'e shall find the circumference to be 314 feet, 1 inch, 10^ 
lines ; the difference between which and the real circumference is less than a line. 

If still greater exactness he required, we have only to employ the propoition of 
lOOOOOOOfWO to 31415920535 ; the error in this case, if the circumference were a great * 
circle, such as the equator of the earth, would be, at most, half a line. 

To find the diameter, the circumference being given, it is evident that the in- 
verse proportion must be employed. We must therefore say as 22 is to 7, or as 355 
to 113, or as 314159 is to 100000, or as 31415926535 to 10000000000, so is the given 
circumference to a fourth term, which will be the diameter required. 

II. — The diameter 4 )f a circle being given; to find the area, 

Archimedes has demonstrated that a circle is equal to the rectangle of half the 
radius by the circumference. Find therefore the circumference, by the preceding 
paragraph, and multiply it by half the radius, or the fourth part of the diameter: the 
product will be the area of the circle, and the more exact the nearer to the truth the 
drcumference has been found. 



OEOMETRICAL PROBLEMS. 


161 


By employing the proportion of Archimedes, the error, in a circle of 100 feet diame* 
ler, will be about OJ square feet. 

That of Mctius would give an errorless than 25 square inches, or about a sixth of 
a square foot. As the circle in question would contain about 7854 square feet, the 
erroi, at most, would be only one 47124th part of the whole area. 

But the area of a circle may be found, w'ithout determining the circumference j 
for it follows, fiom the pioportion of Archimedes, that the square of the diameter is 
to the area, as 14 to 1 1 ; from that of Mctius, that it is ns 452 to 355 ; from the pro- 
portion ot lOOOCO to 314159, that is as 100000 to 78539, or with still greater exact- 
ness as 1000000 to 78.'i398. 

The area of the circle therefore will be found by making this proportion, as 14 is 
to 11 , 01 as 452 to 355, or as 1000000 is to 785398, so is the square of the given diame- 
ter, to a fourth proportional, which, if the last proportion has been employed, will be 
very near the truth. 


Ill — Geometrical constructions for making a square very nearly equal to a given ctre/e, 
or a straight line equal to a given circular circumference. 


Having shewn some methods for (inding numerically, and very near the truth, the 
proportion lictwccn a circle and the square ot its diameter, we shall now give some 
geometrical constructions, exceedingly simple and ingenious, for accomplishing the 
same object. 


Fig. 74. 



1st. Let B A DC (Fig. 74.) be a circle, of which ao is the dia- 
meter, and A B a quadiant; let A e, b d, and d c be chords equal 
to the radius ; fiom the point B, draw to the points b and d, the 
lines BE and bd, inteisecting the diameter in f and c; the sum 
of the hues B F and f g will be equal to the quadrant of the 
circle, within a five thousandth part. 


2d. Let A D (Fig. 75.) be the diameter 
of the circle, r the centre, and c b the i adius 
perpendicular to that diameter. In a d 
continued, make de equal to the radius; 
then draw B e, and in a e continued make 
E F equal to it ; if to this line E F, its fifth 
part FG be added, the whole line a g will 
be equal nearly within a 17000th part to the 
circumference described wuth the radius c A. 

For if D A be supposed equal to lOOOOO, a g will be found equal to .314153, 
with less than an unit of error; but the cireumforence corresponding to this diameter 
is, WMth the difference of nearly an unit, 314159, the error therefore at most is of 
the diameter, or about the 17000tli part. 



Fig, 76. 



3d. If the semieircle abc (Fig. 76.) be given; from the 
extremities a and c of its diameter, raise two perpendiculars, 
one of them c e equal to the tangent of 30°, and the other a o 
equal to three times the radius ; if the line gk be then drawn, 
it will be equal to the semi-circumference of the circle, within 
a hundred thousandth part nearly. 

For it will be found by this construction, the radius being 
supposed to be 100000, that the line r. g, within a unit nearly, 
is equal to 314162, and tne semi-circumference would be, with 
the difference of nearly an unit, 314159; the error therefore is 
about of the radius, or less than a hundred thouaandth 
part of the circumference. 
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4th. Let A (Fig. 77-) he the centre ot the given 
* circle, and de and cb its two diameters, perpendicular 

to each other. On any radius, such as ad, make af 
equal to half the side e c of the inscribed square ; draw 
SFi indefinitely, and to the point H, draw F H dividing 
AC in extreme and mean ratio, ah being the lesser 
segment; if ci be drawn parallel to Fii through the 
point c, the square n l K i, constructed on b i, will be 
nearly equal to the circle of which bc is the dia- 
meter. 

For it will be found by calculation, that b h and b f are respectively equal to 
69098 and 61237, the radius being 100000; bi therefore will be found equal to 
88623, the square of which is 78540, &c., the square of the diameter being 100000, 
&c., while Ihe circle is 78539, &c. 

5th. Inscribe in the given circle a square, and to three times the diameter add a 
fifth part of the side of the square ; the result will bc a line which will differ from 
the circumference by about a 1 7000th part only. 

IV— jScrcra/ methods for making, either numerically or geomeiricalhj, and very near ihe 
truth, a straight line equal to the given arc of a circle. 

1st. Let the given arc, which ought never to exceed 

31 Fig.*t8. 30°, be bg (Fig. 78). To obtain the length of it very 

^ nearly in a straight line, draw b h perpendicular to the 

continue the diameter to D, so that 
- ^ ad shall bc equal to the radius; if de be then drawn, 

it will cut off from b ii the line b l somewhat less, but 
very nearly equal to the arc b c. 

But if the line df gefbe drawn in such a manner, that the segment df, intercepted 
between the circle and the diameter continued, shall be equal to the radius, the 
straight line ne will then be somewhat greater than the arc By ; but very near it, 
if the arc does not exceed 30 degrees. 

For this theorem we are indebted to Snellius ; but it was first demonstrated by 
Huygens. We shall shew hereafter, that it is very useful in trigonometry. 

2d. It has been demonstrated also by Huygens, that twice the chord of half an 
arc, plus the third of the difference between that sum and the chord of the whole 
arc, is nearly equal to the arc itself, when it does not exceed 30°. 

For if we suppose the arc to bc 30°, the chord will be 25882 parts, the diameter 
being 100000; that of half the same arc, or of 15°, will 13053, the double of which 
is 26106 ; if from this wc subtract 25882, the difference will bc 224, the third of 
which, 74^, added to 26106, will give 26180| for the arc of 30°. Twelve times this 
arc ought to give the whole circumference; but 26180f multiplied by 12, is equal to 
814168, and the circumference is 314159, the difference therefore is only the nine 
hundred thousandth part of the radius. 

It being remembered that a circle is a polygon, whose sides are indefinitely small 
and infinite in number, the following is a simple method of arriving approximately 
at the ratio of the circumference to the diameter. 

Fig. 79. Let a b be the semi-side of a regular polygon, c its centre ; along a c 
m produced take cd = cb; then the isosceles triangle bcd will have the 

/ angle D = ^ b c a, and the perpendiculars c i and i f on b d and a d re- 
T.L F spcctivcly, will give the middle points i and f of those lines. Since then 
ly ^ I F = J B A, and d = to J b c a, i f is the semi-side of a regular polygon 
perimeter as the first, but having twice the number of 

sides. 
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CalUiig the radii of the cireamtcrihed aiid inacHMl circles oi the first polygoiit 
'viik BC and c a, b, r, and tbose of the aecotid, d s and » b, B',r^ we have 
0 p as J (d c + A.) ss i (u c + c a), or J (e 4- r) ; 
and by the rectangular tnangle o iP» we hav e 

Of the ibur radii, b, r, B^'y, thmfi^re, the 5m two being Irnowti, the last two inaf 
be deduced Srom them. 

Another polygon of the ahme perimeter as the second, but of twice the number of 
aides, will have for its radii n*\ t", and these have the same relation to a', r\ that 

r% have to a, r ; we shall then form an infinite series, 
f, r; r', uft r^, b^; r'^ B"?. . . 

in which each term r is half the sum, and each term b the square root of the pioduct 
of the two terms which precede it. 

Now in a heautgon the side is equal to the radius of the drcumseribing circle ; if 
then we call this radius I, th e perimeter of t he figure will be 6, and c a, the radius 
of the inscribed circle, s= b c* — ba* sss 0*866025 And from these 

\alucB of b and r we deduce successively the following results. 

r s: 0*866025 0*949469 0 ‘ 964 S 88 0 954908 

11 = 1*000000 0 967662 0*955100 0*954940 

r = 0*933013 0*963566 0 * 954844 * 0*954934 

R = 0*965935 0 96561 0*954973 0 * 954933 , &c. 

Here r, r', r".... are readily found, and the calculations of b, r', b^... are very 
rapid by logarithms; and moreover when r and e agree in the first half of the 
figures, as at the place we have marked with an asterisk, r as well as r may be fbund 
by taking half the sum of the two preceding terms. 

We arrive at last to R = r = ‘0M929 ; or the radius of the circumscribing =s ra- 
dius of the inscribed circle, therefore these circles coincide with each other, and with 
the polygon which lies between them. Then *954929 is the radius of a circle whose 
perimeter is 6, and the proportion 

2 X *954929 or 1-909868 : 1 ! : 6 ; 8*14159 
gives 3*14159 for thb circumference of a circle whose diameter is 1. By this method 
we can carry the approximation to any po^t we wish. 

Tn the Afothematical Tracts of Dr. Charles Hutton, seveitl series are investigated 
for computing the circumference of a circle from its diameter. 

The following is better adapted to computation than any other that has yef beaii 
discovered. 

Let A be an are of 45^, to radius unity. Then 

+ 4C.] 

-f" dtc, 3 

Whcie «, B, >, Ac. denote the preceding terms in each series. 

Hemar A.-^A8 we promised to give a short account of the didereni attempts 
mpecting the quadrature of the circle, we shall here discharge our promise. WImt 
we are going to say on the subject, is only aa abstract from a very curious work, 
published by Jombert in 1754.* 

Itr will first be proper to divide those who have employed themselves on ifalt 
problem, into two dasses. The first, consisting of able geometridani, were not led 
away by illusions. Being aware ot the difficulty or imposribitity of the pi^lem, 




12B , 

rib+' 


-^X [1 + 37/00 + 3^ + ^ + ^ 


* The sttttkor ot that cnrkms tittle w<uk was Montucla hiaielf.— /Vate bp Dr. Button* 
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they eonfined ihemBelves merely to the fiadfn^ out methodt of approximadoe more 
and more exact; and their researches hare often terminated In d^eo varies in almost 
every part of geometry. 

Tlie other class consists of those who, though scarcely acquainted with the ele- 
ments of geometry, and scarcely knowing on what principles the problem depends, 
have made every effort to solve it, by accumulating pmralogisms on paralogisms. Like 
the imfortunate Ixion, condemned to roll up a heavy burden eternally without being 
able to bring it to the place of its destination, we find them twisting and taming the 
circle in every direction, without advancing one step further. When a geometrician 
has convinced them of an error in their pretended demonstrations, we see them 
returning a few days after, with the same demonstration in a new form, but equally 
contemptible. Very often they do not hesitate to contest the best established truths 
in the elements of geometry ; and, in general, sensible of the weakness of their 
knowledge in this department of science, they consider themselves as specially 
illuminated by Heaven to reveal truths to mankind, the discovery of which it has 
withheld from the learned, in order to confer the honour of it on idiots. Such is 
the ridiculous but real picture of this sort of men. It may be readily conceived that 
in the short history we are about to give of the quadrature of the circle, we shall 
not be so unjust towards the eminent geometiicians, as to couple them with such 
visionaries. The singular flights of the latter will only furnish us, towards the end 
of this article, with matter for an amusing addition to it. 

Geometry had scarcely been introduced among the Greeks, when the quadrature 
or measure of the circle began to give employment to all those who possessed a 
mathematicid genius. Anaxagoras, it is said, exercised himself upon it while in 
prison ; but with what success we are not informed. 

The question had been already become celebrated in the time of Aristophanes, 
and perhaps had 'made some geometrician lose his senses ; for in order to ridicule 
the celebrated Meto, that comic writer introduces him on the stage, promising to 
square the circle. 

Hippocrates of Chios certainly made it an object of his research : for it could be 
only by endeavouring to square the circle that he discovered bis famous lunules. 
Some even ascribe to him a certain combination of lunules, from which, as they 
pretend, he deduced the quadrature of tfie circle ; but in our opinion without any 
foundation ; for as he held a distinguished place among the geometricians of his 
time^ he could not be a dupe to the paralogism of a schooUboy : his object was only 
to shew, that if the lunule described on the side of an inscribed hexagon, could be 
made equal to a rectilineal space, the quadrature of the circle could be thence de- 
duced ; and in this be was perfectly right. 

It is very probable that geometricians were not long ignorant that the circle is 
equal to the rectangle of half the circumference by the radius. Before the time of 
Plato, geometry had been enriched with more difficult discoveries, yet this truth is 
first found in the writings of Archimedes. Something more however was necessary : 
the proportion between the circumference and the diameter, or the j^us, remained 
to be determined ; and this discovery occasioned, no doubt, many a sleepless night to 
that profound geometrician. Hot b^g able to succeed with geometrical precision, he 
had recourse to a];q>roxitnation, and found, by calculating the length of an inscribed 
polygon of 96 sides, and that of a similar one circumscribed, that the diameter being 
1, the dreumference would be more than and less than S||, or For he shewed 
that the inscribed polygon is somewhait less than and that the drcomscribed is 
somewhat greater than S}). 

Since that time, If great exactness be not required, to find ratio of the diameter 
to the dreumference the proportion of 1 to or of 7 to 22, is employed ; that is to 
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say, the diameter is tripled, and one seventh of it is added: this seventh is never 
neglected, but by the most ignorant workmen. 

This object, we know, engaged the attention of several more of the ancient geo- 
metricians ; among whom were Apollonius, and one Philo of Gadara; but the 
exactest approximations which they found have not reached us. 

The first of the modern geometricians, who made any additions to what the ancients 
had transmitted to us, respecting the measure of the circle, was Peter Metius, a 
geometrician of the Netherlands, who lived about the end of the sixteenth century. 
Being employed in refuting the pretended quadrature of one Simon a Quercu, he 
found this very remarkable proportion, which approaches exceedingly near to the 
tiuth between the diameter and the circumference, viz. as 113 to 355. The eiror 
is scarcely the ten millionth part of the circumference. 

After him, or about the same time, Vieta, a celebrated French analyst and geome- 
trician, expressed tb^* ratio of the circumference to the radius by the proportion of 
lOOOOOOtXXJO to 31415926535, and shewed that the latter number was too small, but 
that if Its last figure were augmented by only one unit, it would be too great. About 
the same period also Adrian Romunus, a geometiician of the Netherlands, carried 
this approximation to 16 figures; but all these were far exceeded by Ludolph van 
Ceulen, a native of the Netherlands likewise, who carried this proportion to 85 
figures, and shewed that, if the diameter be unify followed by 35 ciphers, the cir- 
cumference will be greater than 314159265358979323846264338327950288, and less 
than 314159265358979323846264338327950289. He was so proud of this labour, 
which however required less sagacity than patience, that, like Archimedes, he 
requested it might be inscribed on his tomb-stone : his desire was complied with, 
and this singular monument is still to be seen, it is said, in one of the towns of 
Flanders. 

Willcbrord Snell, another countryman of Metius, made several important ad- 
ditions to what had been done on this subject, in his book cn^tled “ Cyclometria.” 
He discovered the method of expressing, by a very upproxiinatc proportion and an 
exceedingly simple calculation, the magnitude of any arc whatever ; and he made 
use of It to verify the calculation of van Ceulen, which he found to be coriect. He 
then calculated a senes of polygons, both inscribed and ciicuinscribed, always 
doubling the number ot sides, from the decagon to that of 5242880 sides ; so that 
when a proportion between the diameter and circurnfeience of the circle pretended 
to be exact is proposed, one may lefutc it by means of this table, and shew which 
is the circumsenbed polygon greater than the supposed value ot the circumference, 
and what cncum^,ciibed polygon it surpasses; in either ease this will serve to prove 
the falsity of the pretended rectilication of the circular circumference. 

The celebrattd Huygens, when very young, enriched the theory of the measure of 
the circle with a great many new theorems. He combated also the pretended 
quadiature of the crele, which Father Gregory St. Vincent, a Jesuit of the Nether- 
lands, announced as discovered, and requiring only a few calculations, which he 
dexterously forgot to make. Gregory St. Vincent, how'ever, was an able geome- 
trician ; he wrote an answer to lluvgeiis, and the latter replied ; some of Gregory’s 
pupils entered the lists also; and another Jesuit, a geometrician, combated on 
the same side. But it is certain, wdiatever Father Castel may have said, that 
Gregory was mistaken, and that his large work, which contains some very inge- 
nious things, ended with an error, or something unintelligible. As he pretended 
to have found the quadrature of the circle, why did he not perform those calcu- 
lations w'hich are necessary to express it numerically? But this was never done, 
either by him, or by any of his pupils, who carried on the dispute with a great 
deal of asperity. 

James Gregory, a celebrated .geometrician in Scotland, undertook, in 1668, to 
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demonstrate the absolute impossibility of the quadrature of the circle. This he 
did by a very ingenious method of reasoning, which deserves perhaps to be better 
examined. .However it did not meet with the approbation of Huygens, and this 
produced a very warm dispute between these two geometricians. But, it must be 
confessed, that Gregory gave several very ingenious methods for approaching nearer 
to the measure of the circle, and even to that of the hyperbola. 

The higher geometry supplies us with a great number of different methods for find- 
ing, by approximation, the measure of the circle, and the greater part of them 
are easier than the preceding; but this is not a proper place for entering into an 
explanation of them. We shall content ourselves with observing, that by means 
of these methods the approximation of Ludolph van Cculen has been cairied as 
far as 127 figures or decimals. Sharp, an English geometrician, first carried it to 
74 figures ; Mr, Maehin extended it to a hundred, and M. dc Lagny continued it 
to 127: it is as follows. If the diameter be unity, followed by 127 ciphers, the 
circumference will be greater than3I4I592(>.53689793238462r)4338.‘1279502884197l- 
6939937.51058209749445923078l740G29(>208998(i28C348253421170G798214808G5132- 
7230GG47093844G, and less than the same number, when the last figure is increased 
only by unity. The error therefore is less than a portion of the diameter ex- 
pressed by ’' .ity, divided by unity followed by 127 eipbers. If we suppose a 
circle, the diameter of which is a thousand millions of times greater than the 
distance of the sun fj-om the earth, the error in the circumference would be a 
thousand millions of times less than the thickness of a hair. 

It is even possible to go still further; and Euler has pointed out the method, 
in the Transactions of the Imperial Academy of Sciences at Petersburgh, but 
it must be confessed that it would be superfluous labour. 

We cannot conclude bcti(*r this short history of the quadrature of the circle, 
than by an account, which will no doubt amuse some of our readers, of those 
who have miscarried^ in their attempts to solve this pioblem, or who have fallen 
into ridiculous errors on the subject 

The fiist, among the moderns, who pretended to have found the quadrature of 
the circle, was Cardinal de Cusa. One of his methods was, to roll a circle or 
cylinder over a plane, till the point wdiich first touched it should touch it again ; 
and he then endeavoured, by a train of reasoning, which displayed nothing geome- 
trical, to determine the length of the line thus described. lie w^as refuted by 
Regiomantanus, in 1464 or 1465 

After him, that is to say, about the middle of the sixteenth century, Orontius 
Finaius, though professor royal of the mathematics, rendered himself famous by 
his paralogisms, not only in regard to the quadrature of the circle, but also in re- 
gard to the trisectioii of an angle and the duplication of the cube. Peter Nonius, 
however, a Portuguese geometrician, and J. Borelli his former pupil, clearly exposed 
the fiillacy of his reasoning. The same Orontius Fimeus published also a work on 
Gnomonics, which is nothing but a scries of paralogisms. 

We are astonished to find the cclebratad Joseph Sealiger fall, soon after, into the 
same error. As he had no great esteem for geometricians, he was desirous to 
shew them the superiority of a man of letters, in solving, by way of amusement, 
what had so long puzzled them; he attempted the quadrature of the circle, and 
seriously imagined he had discovered it, by giving, as the measure of it, a quantity 
which was only a little less than the inscribed dodecagon. It was therefore no 
great difficulty for Vieta, Clavius, and others, to refute bis reasoning ; this threw 
him into a violent passion; and accoiding to the practice of that period, exposed 
the latter in particular to a great many epithets not very decent, while it confirmed 
Sealiger more and more in his opinion, that geometricians were destitute of common 
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We arc sorry to include, among this class, the celebrated Danish astronomer, 
Longomontanus, who pretended to prove that the diameter of a circle is to the 
circumference, exactly as 100000 is to 814185. Soon after, the famous Hobbes 
imagined also that he had found the quadrature of the circle ; and being refuted by 
Dr. Wallis, he undertook to prove that the whole system of geometry before taught 
was nothing but a scries of paralogisms. This forms the subject of a work entitled, 
“De Ratiociniis et Fastu Geometrarum.” 

Olivier dc Serres, the agriculturist, by weighing a circle and a triangle, equal to 
the equilateral triangle inscribed, believed he had found that the circle was exactly 
the double of it. This weak man did not see that this double is exactly the 
hexagon inscribed in the same circle. 

A. M. Dclhlct Cluver pretended, in 1695, to have squared the circle; and be reduced 
the problem to one much easier, which he announced in the following manner: “ In- 
venire niundum Mcnti Divina? analogum.*’ lie unsquared the parabola, and endea- 
voured to piovc that Archimedes had been deceived in regard to the measure of that 
figure. 

Leibnitz endeavoured to engage him in a dispute with M. Nieuwentyt, who then 
started a great inanv difficulties against these new calculations ; but the attempt did 
not succeed. 

Though these ridiculous attempts, as appears, ought to have prevented others, 
men w'cre seen, and are still ocen daily, falling into enois of the like kind. About 
30 ycais ago, a M. Ligcr pretended that he had tound out the quadiature of the 
circle, by demonstraliiig that the square root of 24 was the same as that of 25; and 
that of 50 the sfiinc as that of 49: this he demonstrated, accoiding to Ins own 
terms, not by geometrical reasoning, which he abhorred, but by inechair in comliiued 
with figures. ' 

A ceitain Sieur T. de N— found out something not less curious, viz., that 
cuives ought not to be measured by comparing them with stiaight lines, but by 
comparing them with curves. This being once demonstrated, the quadrature of the 
circle is merely children’^ amusement. 

M. Cletget made another discovery no less interesting, viz., that the circle is a 
polygon ot a determinate number of sides; and he thence deduced, which is very 
curious, the magnitude of the point wheie two unequal sjiheres touch each other. 
He dcmonstiated also the impossibility of the motion of the eaitli. Lo one before 
him had been able to suspect the least affinity between these questions. 

But what shall we say of the complex calculations of the late M. Basselin, a 
professor in a university, who, after as much labour almost as Van Ceulcn, found a 
proportion between the diameter and circumference beyond the limits even of Ar- 
chimedes ? This weak man, who bad so happily discovered the quadrature of the 
circle, was ignorant, till some days before his death, that Archimedes had squared 
the parabola. lie proposed also, had he recovered from his malady, to examine the 
process of Aichimedes, being fully convinced that the geometrician of Syracuse bad 
been deceived. 

But if these men incurred only ridicule, and ridicule confined to the circle of a 
small number of geometricians, we arc now going to introduce one to whom the 
ambition of squaring the circle cost much dearer. We allude to the Sieur Mathulon, 
who, from being a manufacturer of stuffs at Lyons, commenced geiunetriciun and 
mechanist ; but wdth less success than Hippocrates of Chios, w ho, iioin being a wine 
merchant at Athens, became an illustrious geometrician. Sieur IMuthulon, about 
forty years ago, deposited the sum of 1000 crowns at Lyons, and having announced 
to geometricians and mechanists the discovery of the quadrature of the circle and 
perpetual motion, declared he would give the above sum to the person who should 
prove that he was in an error. M. Nicole, of the Academy of Sciences, proved that 
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his knowledge of geometry was very limited ; that his pretended quadrature was a 
mere paralogism; and demanded the 1000 crowns, which were adjudged to him. 
The Sieur Mathulon demurred, and maintained that he ought to prove also the falsity 
of his perpetual motion ; but he lost his suit, and M. Nicole gave up the 1000 crowns 
to the general hospital at Lyons, to which they were delivered. 

Had the Chatelet of Paris been equally severe, a similar folly would have cost 
much more to a man of some property, who, about thirty years ago, announced the 
quadrature of the circle ; dt tied the whole world to refute him ; and at last, by way 
of challenge, deposited 10000 livres to be adjudged to the person who should prove 
that he was mistaken. It is impossible, without lamenting the weakness of the 
human mind, to see this grand discovery reduced to dividing a circle into four equal 
parts, by perpendicular diameters, turning these quadrants with their four angles 
outwards, so as to form a square, and then pretending that this square is equal to the 
circle. According to the principles of this pretended mathematician, for two liguics 
to he equal it is not necessary that they should touch each other thioughout their 
whole extent ; it is sufficient that they touch, or can touch. Thus the square is not only 
equal to the inscribed circle, but even to any figure included in the ciiclc, the sabent 
angles of which touch the circumference. 

It would not have been difficult to shew to any other person than the author, that 
this was absolute nonsense. Three persons appealed ns claimants of the KKIOO 
livres; the cause was tried at the Chatelet, but this tribunal was of opinion that a 
man’s fortune ought not to suffer for the eriors of his judgment, when these eriors 
are not prejudicial to society. On the other hand, the king decreed that the bet 
should be considered as void , and that both parties should take back their money. 
The author extorted from the Academy of Sciences a sentence, by winch he was 
desired to study the elements of geometry; but he >vas still convinced that future 
ages would blush for the injustice done to him by that in which he lived. Before 
we conclude this article, we must say a few words resjiecting M. le Rohbergor de 
Vauseiiville, who in a work called “ Consultation siir la Quadratuie du Circle,” asks 
geometricians, whether the quadrature of the circle W'ould not be found, if means 
could be devised for determining the centre of gravity of a sector of a' ciicle, m 
common parts of the radius and the circumference of the same circle. We do not 
rightly understand what the author means by common parts of the radius and the 
circumference. If he means those parts of the radius in which it is usual to express 
the circumference — as when it is said that if the radius be lUO, the circumference 
will be 314 — we can answer, in the name of all geometricians, that the quadrature of 
the circle would, in that case, be found. We will even not hesitate to tell him, that 
in whatever manner he determines, in the axis of a sector or arc of a circle, its centre 
of gravity, provided that in this determination the arc itself is not employed as one 
of the data, he will have solved this famous problem ; for who does not know that 
the distance of the centre of gravity of the semi-circumference, for example, from 
the centre, forms a third proportional to the fourth part of the circle and the radius ? 
But this determination of the centre of gravity of the sector, or arc of a circle is a 
discovery rather to be wished than hoped for. 

M. de Vausenville had no need to challenge, either individually or in general, all 
the geometricians of Europe, and even those of Turkey and Africa, where the 
meaning of the words centre of gravity is certainly not known ; and he had still 
less occasion to inform them that if they did not refute lijm he would consider their 
silence as a sign of their defeat, and that his quadrature was acknowledged as resting 
on a solid foundation. This bravado will certainly excite neither the Eulers 
the d’Alemberts, nor the Bernouillis, &c., to attack his quadrature. Either M. de 
Vausenville is right, and in that case mathematicians will acknowledge his discovery, 
and bestow on him every just praise; or his pretended quadrature is a mere paralo- 



GEOMETRICAL PROBLEMS. 


159 


gism, and of course it will meet with as little attention as that of Henry Sullamar, 
a real Bedlamite, who found it in the number GOG, inscribed on the forehead of the 
beast in the Revelations ; or those of many otheis which deserve, in like manner, to 
be consigned to oblivion, 


PROBLEM XLVII. 

Of the length of the Elliptical Circumference, 

We have spoken in a pietty full manner of the circular circumference, the exact 
determination of which in length would give the quadrature of the circle. But no 
author, as far as we know, has said any thing satisfactory, or useful in a practical 
view, respecting the circumference of the ellipse. It is however necessary, in many 
cases, and even in practical geometry, to know the length of that curve; in the 
higher geometry there are also a great many problems the solution of which depends 
on the same knowledge : a few observations therefore on this subject may be of 
utility. 

Some authors, who have written on practical geometry, are of opinion that the 
circumference of an ellipse is an arithmetical mean between the circumference of the 
circles desciibed on the two axes as diaineteis; but this is a mistake; and had they 
possessed a little moic of the spirit of geometry, they would have readily perceived 
it; for it may be easily demonstrated that this is false in an ellipse much elongated, 
as in that which has the greater axis 20, and the lesser 2. The circumference of 
this ellipse indeed will ceitaiiily be greater than 40, while the mean pioportional 
between the circumferences of the circles described on its axes, as diameters, will be 
only 34]. 

The rectification of the elliptical circumference is a problem which is almost the 
same, in regaid to the quadrature of the circle, as the latter is to a common problem 
in geometry. John Bernouilli is the only peisoii who has given a method susceptible 
of being reduced to practice for measuring the length of the elliptic line. He shews 
indeed, in an excellent memoir, published in bis woiks, how to determine the circular 
circumferences which are limits alternately less and greater than the cii cumference of 
a given ellipse : and by this method we have calculated the following table. We 
have supposed a series of ellipses, one half of the common greater axis of which is 
10 parts, while the half of the less axis becomes successively 1, 2, 3, &c., as far aa 
10, the last value given by a circle ; and we have found that the length of the cir, 
cumferences of the ellipse is as here expressed. 


Common length of the greater axis, 20.* 

Lesser 

Length of Ihe 

length of the mean cir* 

cumierence of the ciicles 

axis. 

elliptic ciicuuifercnce. 

desenbt'd on the gi eater 
and less axis. 

2 

40-63245 

34-5579 

4 

42-01968 

37*6990 

6 

43*68526 

40-8406 

8 

46-02606 

43-9822 

10 

48-44215 

471238 

12 

61-05407 

50-2654 

14 

53-82377 

63-4070 

16 

56-72739 

1 56-5486 

18 

59 81022 

59 6902 

20 

02*83185 

1 62-83185 


Sir Joaas Moore also calculated a like table for tbe elliptic drcnxnfcrcnoes, extending tra 
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It here appears, that the circumference of the circle, which forms a mean between 
those descried on the greater and less axis, is always less than the elliptic line, and 
the more sensibly so, the more the ellipsis differs from a circle ; in the first of the 
above ellipsis the error is the 7th part. 

By the help of this table all the mean lengths of the ellipsis between the preceding 
may be calculated : nothing is necessary but to take the proportional parts. 

Let us suppose, for example, that the greater axis of a semi-ellipse is 20 feet, and 
that the half of its less axis is 7J feet ; it is evident that, in this case, the whole of 
the less axis will be 15 feet. This ellipsis then will hold a mean place between that 
in which half the less axis is of the greater, and another in which the less axis is iJ. 
But by dividing the difference between the lengths of these two ellipses into two 
equal parts, it will be found, without any considerable error, that the length of the 
circumference of the mean ellipse will be 55*27558 parts, the axis being 20 ; conse- 
quently the half of the proposed ellipsis having its transverse diameter equal to 20 
feet and its conjugate to 7J, will be 27 feet 6 inches and 8 lines; the error being 
scarcely a line. 


PROBLEM XLVIII. 


To describe geometrically a circle^ the circumference of which shall approach very near 
to that of a given ellipse. 

It is to Mr. John Bernouilli also that we are indebted for this simple and ingenious 
method of describing a circle isoperimetrous to a given elliiise. As it may serve as a 
supplement to what we have said of the rectification oi the elUpse, wc shall here 
give it a place. 



Form the two axes of the given ellipsis into one 
straight line, as a d (Fig. 80.), in which a a is equal to 
the greater axis, and b d to the less ; let this line a b be 
the diameter of a semicircle a r d, which must be di- 
vided into 4, 8, 16, or 32 paits, &c. at pleasure, and ac- 
cording as greater prr*cision may be required. We shall 
here suppose the number of equal parts to be 16. From 
the point B draw to each point of division straight lines ; 
then take the 16th part of the sum of all these lines b a, b 1, b 2, B 3, &c., as far as 
B D inclusively ; and if with the line hence arising as ladius, a circle be described, 
you will have a circular circumference so nearly equal to that of the given ellipse, 
that it will not differ from it one hundred thousandth part, even in the most unfa- 
vourable case, such as that, for example, where the ratio of the axes of the ellipse 
is as 10 to 1. 

It may be readily seen, that if the semicircle had been divided into 8 parts, it 
would have been necessary to take only the 8th part of the sum of all the lines 
drawn to the points of division, including the points d and a. 

If this operation were performed with a ciicle of a foot radius, the precision of 
the result would approach very near the truth ; and by means of a geometric scale, 
with exceedingly minute divisions, a very satisfactory numerical approximation might 
be found without calculation.* 


times as far, that is, to a hundred different ellipses, the conjugate axes gradually increasing from 1 
to 100, which 18 the constant transverse. The numhern indeed are set down to four decunals, but 
they are not commonly true to moie than two. — I^ote by Dr. Hutton, 

• It is noticed above, by Montucla, that an arithmetical mean between the two axes of an ellipse, 
has been often taken as the dnimeter of a circle of equal circumference with the ellipse. It may be 
add£d that this rule always gives the perimeter in detect, or less than just. 

Another rule, almost as easy, which gives the penmeier always in excess, or more than just, is 
this: Square each axis, and take the arithmeticaf mean between these squares ; that is, add the 
squares together, and take half the sum ; then extract the square root of this mean, wiU be 

nearly the diameter of a circle of equal circuiiifeTencc. [Aa 
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) moBuai 

ThdetmniisuUrm^htBm^uarfy iqmito the 0n^f^emv€ whatever. 

We shall Mippose titat ^e amplitude of the given are is not very eonslderahle, as 
not more than ^ degrees; that is to say, if tangents be drawn at the ex^emities 
of the arc, and then perpendieulara to these tangents, the angle Induded Wtweea 
these perpendiculars shall be at most 20 degrees. 

This supposition being made; draw the chord of the are ; and then find, dther 
by calculation, or by means of the compasses, the third of the tangents eompre« 
bended between the place where they meet and the pmnts of contact; if we then add 
to this third two thirds of the chord, we shaU have a straight line so neariy equal 
to the arc, that in the present case the difference will be biH a ten thohsand^ part. 
But if the amplitude be only about 6 degrees, the error will not be a millionth part, 
as has been shewn by Lambert, member of the Academy of Sciences at Berlin, in 
a very interesting work, published in German, which is highly worthy of being 
translated. 

If the amplitude of the given arc be greater, as about 50 degrees for example, 
nothing will be necessaiy but to divide it into three parts nearly equal, and to draw 
tangents to the extremities of the arc and to the points of section, which will give a 
portion of the polygon circumscribed about the curve ; if the three chords of the 
three parts of the arc be then drawn, and if two thirds of these three choi ds be added 
to the third of the tangents, forming the circumscribed polygon, the result will be a 
line equal, within a hundredth thousandth part, to the length of the given arc. 


PROBI.EH L. 

A circlet having a equare inecribed in it, being given ; to find the diameter of a circle in 
which an octagon of a perimeter equal to the square can he inscribed, 

/ly.Sl. Let A B (Fig. 81.) be the diameter of the given circle, and 

A D the side of the inscribed square. Divide a n into two 
equal parts in e, and raise E f perpendicular to a n, meeting 
the given circle in f ; if a f be then drawn, it will be the 
diameter of a circle, in which if an octagon be inscribed it 
will be equal in perimeter to the given square. 

For it is evident that the circle described on the diameter 
A F, will pass through the point e, since the angle A x f is 
a right angle. It is also evident that the line drawn froifi z, 
the centre of the second circle, to the point e, will be parallel tot 7, because the sides 
A B and A F of the triangle D a F are bisected in the points b and i. But the angle a f n 
is half a right angle, being half of d c A, which is a right angle, since the chord of the 
inscribed square subtends an arc of 90“ ; consequently the angle a z e is equal to 46® ; 
whence it follows that a E is the side of the octagon inscribed in the circle having 
A F for its diameter. And it is evident that eight times a b is equal to four 
times A z>. 



Jtemark A e be, in like manner, divided into two equal parts in o, and if oH be 

drawn perpendicular from the point o, till it meet the second circle ; by drawing a H, 
that line will be the diameter of a third circle, in which, if a polygon of 16 sides be 
inscribed, it will be isoperimetrous to the above square or octagon. 

Hence it follows, that If this operation were infinitely eontinued, weihould obtain 
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a circle or polygon of an inBnite number of sides, isoperimetrous to a given square. 
The circumference of this circle therefore would be equal to the perimeter of the 
square, and we should thus have the quadrature of the circle. 

We have seen a very ingenious attempt to discover the quadrature of the circle on 
this principle. The author, M. Janot, professor of mathematics in the Iloyal Military 
School, reduced the problem to a very exact equation, but complex, by the solution 
of which he expected to obtain this last diameter; but when he seriously tiied to reduce 
it, be found the two members of bis equation to be composed of the same terms, 
which of course gave him no solution, 

PROBLEM LI. 

77ie three sides of a rightangled triangle being given ; to find the value of its angles 
without trigonometrical tables. 

We shall first suppose that the ratio of the hypothenuse to the least side is greater or 
not less than 2 to 1, in order that the angle opposite to that side may be at most about 
30®; for the error will be less the more that angle is below 30°. 

This being premised ; Ictus suppose, for example, that the hypothenuse of the tri- 
angle IS equal to 13, the gi eater side eomprelu*ii(lnig the tight angle 12, and the less 
5. We must then make this proportion ; as twice the hypothenu.se, plus the greater 
side, 01*38, is to the less side or 6, so is throe times nniiy oi 3, to a fouitli propor- 
tional, which will be J§. But reduced to a deeimal fiaclion is 0 39473: if this 
number be divided by 0 1745, the quotient will be the iiumbei of the degices and 
parts of a degree contained in the angle opposite to the less side. This quotient is 
22'/!^. which makes ‘22° 37' 17/'. By the tallies it will be found to be ‘22° 37' 28'*'. 

It the sides of the triangle are nearly equal, such tor example as 3, 4, 5, wc must 
suppose in the triangle a line c d (Fig. 82.) dividing the angle opposite to the 
.side A B, or that lepresented by 3, into two equal pnits. 
But it is known that in this case the ofiposite side a b will be 
divided in the same ratio as the adjacent sides; consequently 
the segment n d may be found by the following analogy: 

As the sum ot the two otbei side^oi 0. is to 3, the tliiid side, 
so IS c n or 4, to b d, which wdll be or j ; if the squaies of J 
and 4, or of c Band b ti, be then added togetlier, by extracting the squ.ire loot of the 
sum, which in decimals is 17 777, w^e shall have for the square loot 4*21(137, which 
will be the value ot c n. In the last place, l»v afiplying the above rule to the triangle 
BCTd, we shall find the angle iic d to be 18" 26'7", and consequently its double, or the 
angle a c b, 30° 52' f4". B> trigonometrical tables the lattci will be found to be 
30° 52' 15"; so that the diflference is only one second. 

PROBLEM LTI. 

An arc of a circle being given, in degrees, minutes, and seconds ; to find ike correspond^ 
ing sine, without the help of trigonometrical tables. 

The solution we are going to give of this problem, is not so simple and short as 
the preceding; but it appears to be the best hitherto proposed, especially as it is easy, 
and may be readily remembered by means of an observation we shall make at the end, 
and which will shew' its source as well as the demonstration of it. 

In this problem there are three cases, which require three different methods of 
operation. The given arc may exceed CO®, or it may be less, or at most not moie 
than 30°; and in the last place it may be greater than 30°, but less than 60°* 

Ist. We shall suppose that the arc exceeds 60°, and that its sine is required. 
Take its complement to 90°, and reduce that arc into parts of the radiius, which we 
shall suppose to be 1(X)000; for this purpose, nothing is necessary but to multiply 
tbe degrees it contains by 1745-i^, and the minutes by 29*09, and then to add the 
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products. Square this arc thus reduced, and raise it also to the fourth power ; 
divide the square of it by 2, and from the quotient subtract unity or the radius ; 
divide the fourth power of it by 24, and add the quotient to the above remainder ; 
the number thence resulting will be nearly the sine of the given arc. 

Let the given arc, for example, beTO® SCX; its complement to 90° is 19® SO', which 
reduced to parts of the radius, as beforesaid, will give 34025. The square of this 
number, suppressing the five last figures, which are useless, because we have no occa- 
sion for more than 100000 parts of the radius, is 11583, and its half 5792, which 
taken from 100000 leaves 94208. Square 11583, which will give the fourth power of 
34035; and if fivefiguies be suppressed, as useless for the reason before mentioned, 
we shall have 1341, which must be divided by 24. The quotient, which is somewhat 
less than 56, being added to 94208, will make 94264, which will be the sine of 70® 30'. 
And this is exactly what it will be found to be in the tables of sines. 

2d. Le<^ us now suppose that the given arc is at most 30®. Find the cube and fifth 
power of that arc reduced to parts of the radius; then divide the cube by 6, and the 
fifth power by 120; if the fust quotient be subtracted from the arc, and the second 
be added to the remainder, we shall have the value of the sine, a very small error 
excepted. 

Let the given arc, for example, be 30®. When reduced to 1000(X)th part of the 
radius it will give .52362, the cube of which, suppressing the last ten figures, will be 
14354. The sixth part of this number is 2392, which taken from the arc 523G2, 
leaves 49970. The fifth power of the same number 52362, 8upplc^sing the last 
twenty figures, is 3935, which divided by 120 gives 32 , if 32 be added to the above 
rem under, wc shall have 50t)02 for the sine of 30® ; which it is well known is exactly 
5(X)00; consequently the error is only two unitsin the last figure. 

3d. If the are be between 30° and GO®, for example 45® ; take the difference be- 
tween that arc and 00°, which is 15®, and add to it 60°; the sum wdll be 75°, the sine 
of winch must be found by the first inle. 

Then find that of 15® by the second; and subtract it from that of 75°; the re- 
mainder will be the sine of 45°; for according to a theorem in trigonometry, that 
the sines of two arcs, equally distant from 60°, have for difference the sine of that arc 
by u hicli each of these two arcs differs from that of 60°. 

If, instead of the sine of an are, that of its complement be required, the same rules 
may be employed : the sine of the complement of 20°, for example, is the right sine 
of 70° ; and on the other hand,’ the sine complement of 70°, is the right sine of 
20°; by which it may be readily seen, that to find the sine complement of an arc, 
nothing is necessary but to find the right sine of the complement of the arc. 

When the right sine and the sine complement of an arc are known, it will be 
easy to find the tangent by the following proportion : As the sine complement, or 
cosine, is to the sine, so is radius to the tangent: nothing therefore is neces- 
sary but to divide the sine, increased wdth any number of ciphers at pleasure, by the 
cosine. 

Remark , — We have here given a method for supplying the place of tables, soncces- 
sary in practical trigonoinetiy, or of forming them very expeditiously, in cases when 
they are not at hand, or cannot be procured. I was once myself in such a situation, 
having lost my baggage, which w’as taken from me by a party of the Iroquois Indians, 
when posted at Oswego in Canada. In that dreary abode, I endeavoured to amuse 
myself by the study of geometry. An opportunity of performing some trigonometrical 
operations occurred : but, being destitute of books, I fortunately remembered the 
theorem of Snellius, which serves as a basis for the solution of the preceding problem : 
in short, I recollected two expressions, in infinite series, which give the value of the 
•be and cosine, the arc being given. The first, as is well known, a being made to 

M 2 
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represent the arc, U a — •!* + 


6 ' 120 ^ 


«1 

24 * 


— ^ &e. But when the arc a is very much below the value of the radius or unity, 

it is evident that the three first terrfis of each will be sufficient, because all the 
following terms become excessively small. After what has been said, the demonstra- 
tion of these rules may be easily discovered. 


pnoBLEsr Lnr. 

A circle and two points being given ; to describe another circle^ which shall pass through 
these points, and touch the former circle. 

It is here evident, that these two points must be both within, or both without, 
the given circle. 

Let the two given points then be ▲ 
and n, as in the two Figures 83. and 84. 
Join these points by a straight line a b ; 
and through one of them, for example 
A, and the centre of the given circle, 
draw the straight line a in, intersecting 
it in the two points it and i; then take 
A D a fourth proportional to a b, a it, 
A I, and from the point d draw the two 
tangents d k, d e ; lastly, from the point 
A, through the two points of contact draw the two lines e a f, c a/, intersecting the 
circle in f and/: the circle described through the two points a and b, and through f, 
will touch the given circle in F ; and if one be described through the points a, b, and 
f it will touch the given circle in f. 


Fig. 83. 



PBOBLEM LIV. 

Two circles and a point being given : to describe a third circle, which shall pass 
through the given point, and touch the other two circles. 

Fig, 85, Let the centres of the two given circles be the points A and 

f c, (Fig. 85.) and their radii a b, cd. In the line which joins 
their centres continued, find the point r, the tangent flora 
which to one of the circles shall he the tangent to the other, 
(by Prob. xii.), and join the point F to the given point E : then 
make f o a fourth proportional to f e, f b, f d ; and by the pre- 
ceding problem, through the points o and e describe a circle 
which shall touch one of the two circles a b or c d : this third 
circle will touch also the other circle. 

PROBLEM LV. 

Three-circles being given ; to describe a fourth, which shall touch them all. 

It may be readily seen that this problem is susceptible of a great number of differ- 
ent cases and solutions; for the required circle may contain the three given circles, 
or only two of them, or even one ; or the given circles may all be without it. But, 
for the sake of brevity, we shall confine ourselves to one of these cases, that where 
the circle to he described must leave the other three without it* 

Let the three given circles then be denoted by a, b, c, (Fig. 86.) and let their 
radii he x a, nb, c c ; let a also be the greatest, a the mean one, and c the 
least. In the radius a a make ad equal to cc, the radius of the least circle, and 
from A as a centre, with the radius a d describe a new circle. In the radius b b . 
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Hg, 86 . make h e equal to o o also, and from b as a 

centre, with the radius b e, describe another 
circle : then, by the preceding proposition) 
through the centre c describe a circle, 
which shall touch the two new circles; 
let its centre be e, and its radius eg; di- 
minish this radius by the radius c c, and 
from the same centre e desciibe another 
circle, which will evidently touch the three 
first ciicles given 

For since the circle described from the 
centre A with the radius a d, is within the 
proposed circle a, by the quantity ad or cc, it is evident that if the radius e c be 
diminished by that quantity, the circle described with this new radius, instead of 
touching the interior circle, having a d for its radius, will touch the proposed 
circle, the radius of which is \ a. 

It may be seen also that the same circle described with the radius eg, lessee, 
will touch externally the circle which has for its radius b ft. Lastly, it will touch 
externally the circle having c c for its radius ; consequently it will touch them all 
three externally. 

Remark, — This problem bad some celebrity among the ancients ; and indeed it is 
attended with a certain degree of difficulty. It terminated a treatise of Apollonius, 
entitled “ De Contactibus,’* which has been lost, but which Vieta, a celebrated geo- 
metrician who lived about the end of the sixteenth centiiry|^iestored, and which may 
be found in his works, piinted in Latin, at Le>den, in 1G40, in tolio, with the 
title of Apollonius Gallus, seu exsuscitata Apollonii Pergaei de Tactiombus 
Geometiia,’* 

Newton has given a beautiful and ingenious solution of this problem; but that of 
Vieta appeared to us preferable for the present work, being founded on easier prin- 
ciples. We cannot omit this opportunity of observing, that the above work of Vieta 
is a most elegant piece of geometry, treated in the manner of the ancients. 

PROBLEM LVI. 

WTiat bodies are those, the surfaces of which have the same ratio to each other as 
their solidities f 

This problem was proposed, in the form of an enigma, in one of the French Jour- 
nals, entitled the Mercury, of the year 1773. 

“ Reponds-moi, d’Alembert, qui decouvre les traces 
Dcs plus sublimes verites ; 

Quels sont Ics corps dont les surfaces 
Sont en meme rapport que leurs solidites ? ” 

We do not find that d’Alembert condescended to answ'er this problem, for it may 
be readily seen, by those in the least acquainted with geometry, that two bodies w ell 
kiiowm, the sphere and the circumsriibed cylinder, will solve it. Archimedes de- 
monstrated long ago, that the sphere is equal to two thirds of that cylinder, both in 
surface and solidity, provided the two bases of the cylinder are comprehended in 
the former ; and this is the answer which was given to the enigma in the following 
Mercury. 

But we may go a little further, and say, that there are a great number of bodies 
which, when compared with each other, and with the sphere, will answer the problem 
also : such are all solids foimed by the circumvolution of a plane figure circumscribed 
about the same sphere, and even all plane-faced solids, regular or irregular, that can 
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be circumscribed about tbo same sphere ; for the solidity of all these bodies is the 
product of their surfaces by the third of the radius of the inscribed spherOi 
\rbile the solidity of the sphere is the product of its suriace by the third of its 
radius. 

Thus, the equilateral cone is to the inscribed sphere, both in surface and solidity, 
as 9 to 4. 

'I’he case is the same in regard to the sphere and the circumscribed isosceles cone ; 
except that tlie r.itio, i/isteudof4 to9, will be different according to the elongation 
or oblate iui ot tlie cone. 

it the sphere and the cii cuin«cril)ed cylinder possess this property, it is because the 
latter is a bod) produceil b) the ( ircuiiivolution ot the square circumscribed about the 
great cirelt ot tlie ^plieie, on an axis peipendicular to two of the paiallel sules, 

if the square and in^rribed ciicle revoived aiouiid the diagonal ot the square, the 
suricK'c and huhdity ot the body, thus produced, would be to each other as 2 
is to i. 

We shall here propose a similar problem : 

are those figures, the surfaces and perimeters of which are to each other in the 
same ratio ? 

The answer is easy : the circle and all polygons, regular or irregular, circuinscript- 
ible of it. 


THEOREM VIII. 


The dodecagon insa ihed in the circle, is J of the square of the diameter^ or equal to 
the square of the side of the inscribed triangle* 

This theorem, w’hich is exceedingly curious, was first remarked by Snellius, a 
Butch geometrician. 



Let A c (Fig. 87. ) be the radius of a circle, in w'hich is in- 
scribed the side a n of the hexagon ; and if a d and d b, be the 
sides of the regulai dodecagon, it thence follows that, by draw- 
ing the radius dc, it will cut the side a b perpendicularly, and 
divide it into two equal parts. But it is evident, tli»t the 
aiea of the dodecagon is equal to 12 times one of the triangles 
A i> c, or D c B ; and as the tiiaiigle a d c is equal to the product 
of the ladius by the half of a f, or by the fourth part of the radius, that is to say, is 
equal to a fourth of the square of the radius, the twelve will be equal to three times 
the square ot the radius, or to three fourths of the square of the diameter. 

On the other hand, the '“ide of an equilateral triangle inscribed in a circle, the 
diameter being unity, is equal to consequently its square is also equal to j of the 
square of the diameter, or to the dodecagon. 


Remark , — Two of the insciibed polygons, viz. the square and the dodecagon, pos- 
sess the property of having a numerical ratio to the square of the diameter ; for the 
inscribed square is exactly the half ; but of the regular polygons circumscribed, this 
property belongs only to the square. 

Irregular polygons however, and even a great variety of them, commensurable to 
the square of the radius, might be inscribed in a given circle. 

Let the diameter of the circle, for example, be 1 ; and let the four sides of the 
inscribed quadrilateral be : its surface will be rational, and equal to 

of the square of the diameter. 


PROBLEM LVII. 

If the diameter a b {Fig. 88.) of a semicircle a c b, divided into any two parte 



OEOMBTRTCAL PROBLEMS. 


167 

whatever t a d and d b ; and if on these parts as diameters there he described two 
semicircles a e i> and d F B, a circle is tequired equal to the remainder of the first 
semicircle, * 

From the point d raise d c perpendicular to a b, till it 
meet the seinicirele acb: if a circle be then described 
haviiij^: D c for its diiiinctcr, it will he that required. 

The demonstration of this problem, so well known, is 
deduced troin a theorem in the second hook of the Elements 
of Euclid, \iz., that the square of A B is ef(iml to the 
sqtinies of a d and n r, and twice the rectangle of ad and 
Db; a rectangle to which the square ot dc is. equal hy the property of the circle. 
Instead ot thc'^e squares if w’e substitute semicircles, which are in the same ratio, 
the problem will be demonstrated. 


Fig.m, 



PROBLEM LVIII. 

A square being given ; to cut off angles in such a manner ^ that it shall be trans^ 
formed into a teqular octagon. 

Fig.%^. Let the given •iquarc be a BCD (Fig 89 ) In the two sides 

DC and DA. which meet in n, take any two equal segments 
jj- ^ ^^l!atever, n i and d k, and diavv the diagonal ik; make dL 
equal to tvv’ee i) K, plus the duieou.il i k, and draw Li; if CM 
()(' lluii diawii p.irallil to l i, llirougb the point c, it will cut 
olF liom the ‘•idt ot the «qiu.re the quantity i> 3i, to whieh if 
D N be m ide equal, by djawmg the line n m, we shall have the 
Til E A side ot the oct igon requited. If a i , a r, B g, B H, c P. and 
CO he made equal to the line D M, b*y drawing ek, oh, and oP, 
the required octagon will be conifileted. 



\ 

- '■>' 

_Z 


'Remark . — The solution above given, is an example of what often happens in em- 
ploying the algebraic calculus in the M)lu(ion of geometiical problems ; tor there is 
a solution much inoie simple, and that of a nature to be self- 
evident even to a beginner. It is as follows : 

Draw the diagonal ac (Fig. 90.) of the square, and alsoEF 
bisecting the oijposite sides in e and f, and the diagonal in o. 
Draw G 11 so us to bisect the angle co k ; so shall £ h he half 
the side of the octagon. Thci efore make c i, b K, B i , A M, a n, 
D o, D r, each equal to c n, and the angles of the octagon will 
be found. 



PROBLEM LIX. 

A triangle ABC being given ; to inscribe in it a rectangle^ in such a manner, that F B 
or G I shall be equal to a given square. 

On the base b c (Fig. 91.) describe the rectangle b d, 
equal to the given square, and let e be the point 
where a c is intersected by the side of this rectangle 
paiallel to bc. On a c describe a semicircle, and 
having raised the perpendicular k l, till it meet the 
circumference, draw cl; on c K, the half of a c, de« 
scribe also a semicircle, in which make CM equal to 
cl: if KF and ko be then made equal to km, we 
shall have the points f and g, through w'bicb if two lines bc drawm parallel to the 
base till they meet ab, and also two other lines perpendicular to the base, they will 
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form the rectangles v h and a i, equal to each other, as well as to the rectangle j> B, 
which was equal to the given square : therefore, &c. 

PROBLEM LX. 

Through a given point D {Fig> 92.) within an angle b A c, draw a line hi, in such 
a manner^ that the triangle i h a shall he equal to a given square. 

Fig, 92. Through the point d draw l e parallel to one of the sides of 

^ the given angle, and make the rhombus L E g a, equal to the 

given square. On the line de describe a semicircle, in which 
^ apply D F equal to d l, and draw e f ; lastly, if o h be made 

\ / \ equal to ef, and hoi be drawn through the point H, the line 

X \ H B I will be the one required, 

^ PROBLEM LXI. 

Of the Lunnle of Hippocrates of Chios, 

Though the quadrature of the circle be in all probability impossible, means have 
been devised to find certain portions of the circle which are demonstrated to be 
equal to rectilineal spaces. The oldest instance of a circular poition, which may be 
thus squared, is that of the lunules of Hippocrates of Chios ; the construction of 
which is as follows : 

Q3 Lot arc (Fig. 93.) be a right-angled triangle, on the hy- 

pothcnusc of which dc«?cribe the semicircle a b c, touching 

> — the right angle b : if bemicircles be then described on the 

tK \ sides ab and bc, the spaces in the form of a crescent, 

I / / \ I A E B u A and B D c c B, will together be equal to the triangle 

— J ^ ABC. 

For it is well known that the semicircle on the base ac, 
is equal to the two semicircles a i*b and b dc, because circles are to each other as 
the squares of their diameters: if the segments ahb and ncc, which are common 
to both, bc taken avvay, there will remain, on the one hand, the triangle a b c, and 
on the other the two spaces in the form of a crescent, a e bh and bbcg, and these 
remainders will be equal : therefore, Sec, 

If the sides ah, he, are equal, as in Fig. 94, the two lunules 
* will evidently be equal, and each will be half of the tiiangle 

N. ahe, that is to say, equal to the triangle hfaor hfc, 

Ilencc w’C obtain a simpler construction of the lunule of 
( / / \\ ) Hippocrates. Let A B c (Fig. 95.) be a semicircle on the 

\IX diameter a c, and a F c an isosceles right-angled ti iangle. If 

^ from the point f as a centre, there be described through a 

Fig. 95. and c, the arc of a cii cle a d c on the base a c, the lunule a b c D 

will be equal to the triangle c a r. 

Since the square of f r is double the square of e c, or of e f, 
the circle described w-ith the radius fc will he double that de- 

oj^ — I] 7;^ scribed with the radius ec; consequently a fourth pait of 

Vv I /y the former, or the quadrant fad c, will be equal to the half 
of the second, or to the semicircle arc. If the common seg- 
ment ADCEA therefore be taken away, the remainders, that 
ii to say, the triangle a f c, on the one hand, and the lunule a b c d a, on the 
other, will be equal. 

Remarks. We shall take this opportunity of making the reader acquainted witli 

•everal curious observations, added by modern geometricians to the discovery of 
Hippocrates. 


Fig. 95. 
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Ist. From the centre f (Fig. 96.) if there he drawn 
any straight line whatever f e, cutting off a portion of the 
lunule A E o A : that portion will still be squarable, and 
equal to the rectilineal triangle a h e right-angled at h. 

For it may be easily demonstrated, that tbs segment 
A E will be equal to the semi- segment A g h, 

2d. From the point e, if e i be let fall perpendicular on 
A c, and if F I and f e be drawn, the same portion of the 
lunule A E G A, will be equal to the triangle a f i. 

For it may be easily demonstrated that the triangle 
a F I is equal to the triangle a h e. 

3d. The lunule therefore may be divided in a given ratio, by aline drawn from 
the centre f : nothing more is necessary than to divide the diameter a c in sOch a man- 
ner, that A I shall be to c i in that ratio ; to raise e i perpendicular to a c, and to 
draw the line f e ; the two segments of the lunule age and g e c will be in the 
ratio of A I to I c. 

All these remarks were first made by M. Artus de Lionne, bishop of Gap, who 
published them in a work entitled “ Curvilincorum Amoenior Contemplatio,” 1654, 
4to, and afterwards by other gf-omctricians. 

4th. If the two circles, forming the lunule of Hippocrates, be completed, the result 
will be another lunule, which may be called Conjugate, and in which mixtilincal 
spaces, absolutely squarable, may be found. 

Fiom the point F, if there be drawn any radius F M, intersecting the two circles 
in R and m ; we .‘hall have the mixtilineal space r a m r, equal to the rectilineal tri- 
angle L A R : which can he easily demonstrated ; for it may be readily seen that the 
segment a R of the small circle, is equal to the semi-segment i. a m of the greater. 

Hence it follows, that if the diameter m o touch the small circle in f, the mixt tri- 
angular space A R F m A, will be equal to the triangle a s f, right-angled in s, or to half 
the lunule a g c b a. 

5th. There are also some other portions of the lunule of Hippocrates that are abso- 
lutely squarable; which, as far as we know, were never before remarked. 

LetABCFA (Fig. 97.) be a lunule, and let ABbe a 
tangent to the interior arc. Draw the lines e a and e a 
making with a b equal angles ; if fiom the point b there 
be then drawn the chords b e, b e, which will be equal, we 
shall have the mixtilineal space, terminated by the two 
ciicular arcs, Ese, agi*, and the straight lines Ae and 
F E, equal to the rectilineal figure c a e Be. 

This would be true, even if the figuie a b c f a were not absolutely squarable ; 
that is to say, though a b c should not be a semicircle, provided the two circles were 
always in the ratio of 2 to 1. 


Ftg. 97. 



Ftg. 96. 



PROBLEM LXII. 

To construct other lunules, besides that of Hippocrates, which are absolutely squarable* 
The lunule of Hippocrates is absolutely squarable, because the chords a b, bc (Fig. 
95.) and a c are such, that the square of the last is equal to the squares of the other 
tw'o ; so that by describing on the last an arc of a circle, similar to those subtended 
by A B and b c, the tw'O segments a b and b c are equal to a d c. 

This method of considering the lunule of Hippocrates conducts us to more general 
views ; for we may conceive in a circle any equal number of chords at pleasure ; for 
example four, as a b, b c, c d, and d e, (Fig. 98.) of such a nature, that by drawing 
the chord A £, the square of it shall be quadruple of one of them ; or more generally, 
the number of these chords being n, the square of a e may be to that of a b, as n 
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to 1. Thus, if we describe on A e an arc similar to 
those subtended by the chords a b, b c, &c., the seg- 
ment A £ will be equal to the segments A B, B c, &c. , 
together: if from the rectilineal figure a b c i) e, there- 
fore, we take away the segment a k, and add it to the 
segments a b, b c, &e., the result will be alunule formed 
of the arcs ace, and a e, which will be equal to the rec- 
tilineal pvolvgon a b c d e. 

Tlie question then is to resolve the following geome- 
trical problem: 

In a given circle to inscribe o series of egual chords^ A n, b c, c D, &c., in such a 
manner, that the square of the chord a f, hy which they are all subtended, shall be to 
the square of one of them, as the whole number of them is to unity ; triple, if there 
are three; quadruple, if there are four, ^c. 

But we shall confine ourselves to cases that can be constructed by the elements 
of geometry, which will still give us two lunules similar to those of Hippocrates, the 
one formed by circles in the ratio of 1 to 3, and the other hy two circles in that of 
I to 3, besides two other lunules, formed by circles in the ratio of 2 to 3 and of 3 to 5* 


Ifq, 96. 
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Construction of the first Lumile* 

Let AB (Fig. 99.) be the diameter of the lesser circle, 
with which* the lunule is to he consstructed. Continue a b 
to D, so that nT> shall be equal to the radius, and on A D as a 
diameter dcseiibe the semieiicle akd, rutting b f, drawn 
perpendicular to ad, in j: ; draw n e, and make d f equal to 
it; oiiAF describe also a scmieircle ah f, intersecting the 
radius c c, perpeiidieular to A b, in ii ; draw a h, and in the 
given circle make the chords a i, l K, and k h, equal to a h ; 


then draw a l, and on that chord, with a radius equal to d e, describe an arc of a 


circle a L; by these means we shall have the lunule a gbl a, equal to the rectilineal 


figure A I K L A. 


Construction of the second Lunule, where the circles are as 1 to 5, 

JFig. 100. Continue the diameter of the given or less circle, till 

the part p » (Fig. 100. ) he equal to half the radius; and 
draw the indefinite line u k perpendicular to a d ; then 
from the point s, which divides the radius ac into two 
equal parts, with a radius equal to 3 times a c, describe 
an arc of a circle, cutting the before-mentioned perpen- 
dicular in E : make E F equal to | of a c, and D u equal 
to the radius ; divide b f into two equal parts in o ; and 
from G as a centre, with a radius equal to g h, describe 
an arc of a circle cutting the straight line A d in i : then 
make d k equal to h i, and draw k b perpendicular to 
the diameter, intersecting the semicircle described on 
A c in L ; lastly draw a l, and let the chords am, m n, 
WO, OP, PQ,be made equal to it: if an arc of a circle be then described on aq, 
with a radius equal to d e, the lunule a n p q a will be equal to the rectilineal figure 
A M N O P Q A. 

liUnules absolutelv squarable may therefore he formed with circles, which are to 
each other in the ratios of 1 to 2, 1 to 3, and of 1 to 5. But there are no others 
fonned by circles in simple multiple or sub-multiple ratio, which can he constructed 
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merely by the rule and compasses. Those which might be formed with circles in 
the ratio of 1 to 4, 1 to 6, or 1 to 7 , &c., would require the assistance of the higher 
geometry. The trisection of an angle, or the finding of two mean proportionals, is 
a problem of the same nature, and of the same degree, and to be solved only by the 
same means. But there aie still two which may be constructed by the help of sim- 
ple geometry, and which are formed by circles in the ratio of 2 to 3 and of 3 to 5. 
For the sake of brevity, we shall confine ourselves to shewing the method of con- 
struction. 

Fiy. 101. For the Jirst.-^hei there be any circle, the radius of which 

0 is su ppo«se(l to be 1 ; inscribe in it a cbord a b (Fig. 101.), equal 
to \/ 4 ■— V twice repeated, from b to c, and 

from (’ to I); diaw the chord A D, and on ad describe an arc 
similar to the arc abc; if the two equal chords Ae and ED 
be then drawn, the lunule a b c de A will be equal to the rec- 
tilineal polygon A B c D £ A. 

For the second. — In a_c*iic*le, the radius of w’hich is 1, inscribe a chord equal to 
^ ^ ^ ^ — 4 \/ ^, and carry it round five times : draw the chord of the 

quintuple arc, and describe on it an arc with a radius = ^ j ; in this arc inscribe the 
tluee chords of its thiec equal parts, which may be done by common geometry, 
because each of these third'i is similar to a fifth of the first arc already given. We 
shall then have a lunule equal to a retilineal figure, formed by the five chords of the 
small circle and the three chords of the greater. 


A lunule being given ; to find in it portions absolutely squarahlct provided the eirclett 
by which it ts formed are to each other in a certain numetical ratio. 

Fig. 102. 

Let A HOD A (Fig. 102, 103, 104.) be a lunule, formed by 
tvro circles in any of the above ratios, abc being a portion 
of the lesser circle, and ado of thonigrcatcr. Draw a e the 
tangent of the aic ado, and then draw the line af in such 
a manner^, that the angle e ac shall be to the angle f a c in 
® the same ratio as the less circle is to the greater; then one 
of the three following things will take place ; a f will be a 
tangent to the circle abc, (Fig. 102.) ; or it will cut it, as 
in /, (Fig 103.) ; or as in (Fig. 104.) 

Fig, 103, In the first case, the lunule will be absolutely squarablc, 

and equal to the rectilineal figure r a LC (Fig. 102.) 

In the second, this lunule, minus the circular segment A fi, 
will be equal to the rectilineal figure a/k c L A, or the space 
AKCL, plus the triangle akJ, (Fig. 103.) 

In the third, the same lunule, plus the circular segment 
a (p, will be equal to the rectilineal space a (p k da, or the 
space a me I minus the triangle a k 0, (Fig. 104.) 

We omit the demonstration, both for the sake of brevity, 
and because it may be easily conceived from what has been 
already said. 

Hence it may be readily seen, that if the given circles have to each other a 
certain ratio, which will admit of the angle r a c (Fig. 102, 103.) being constructed 
with the rule and compasses, in such a manner as to be to the angle e A c, in the 
reciprocal ratio of these circles, we may draw the line f a, which will cut off from 
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tlie lunule tbe portion a D c b/ a, equal to an assignable rec- 
tilineal space. Now this will always be the case when 
the less circle is to the greater in the ratio of 1 to 2, or 1 to 
3, or 1 to 4, or 1 to 5, &c. ; for the angle f a c must then be 
double, triple, quadruple, or quintuple of E a c : in this there 
is no difficulty. The case will be the same if the less circle 
is to the greater in the ratio of 2 to 3, or 2 to 5, or 2 to 7* 
&c. ; or the arc adc, being susceptible of geometrical tri- 
section, as is often the case, if the greater circle be to the 
less as 3 to 4, or 3 to 5, or 3 to 7, &c. 


Fig, 105. 



Another method, — Let a f (Fig. 105.) be a tangent to 
the circle a b c in a, and a e a tangent to the arc adc 
in the same point. Draw the line a g in such a manner, 
that the angle fag may be to the angle e a o, as the 
greater circle is to the less ; that is, that the angle v a E 
shall be to e a o, as the greater circle minus the less is 
to the latter : the line a g will then fall either on a c, 
or above it, as in a g, or below it as in Ag. 

Now, in the first case, it may be easily demonstrated, 
that the lunule is obsolutel> squarable. 


In the second, it may be shewn that the same lunule, minus the mixtilineal tri- 
angle M G c M, is equal to an assignable rectilineal space. 

In the third, it mry be proved that the same lunule, if the mixtilineal triangle 
C m be added, will be equal to the same rectilineal space. 

Lastly, let there be drawn, in any of the preceding ligures, between a c and a e, 
as Fig. 105, any line whatever a n, forming with the tangent a e any angle N a e ; then, 
in the angle f a e, draw another line a in such a manner, that the angle n a e shall 
be to E A N as r A E to r A E. It may still be demonstrated, that the mixtilineal 
figure formed of the two arcs nw, ap, and the two lines a n, p n, will be equal to a 
rectilineal space; which may bo found, by dividing the arc n n into as many partS; 
similar to the arc a p, as the number of times that the less circle is contained in the 


greater : this may be performed geometrically, if the ratio of the one circle to the 
other be as 1 to 2, or 1 to 3, or 1 to 4, &c. If we here suppose it, for example, to 
be as 1 to 3, we shall have three equal chords, no, or, and en, and the portion of 
the lunule in question will be equal to the rectilineal figure AnoEN a, since the 
three segineitts, n o, o e, &c., are together equal to the segment a p. 


Femark 1. — We have also proposed and solved the following problem. 

A lunule, not squarable, hut formed by two circles in the ratio of 1 to 2, being given ; 
to intersect it by a line parallel to its base, which shall cut off from it a portion ahso~ 
lately squarable. 


Femark 2 — The following method for dividing circles, &c. is so eiirious, that it 
is well deserving of a place here, in addition to the foregoing ways of dividing them 
into certain portions. 

7b divide geometrically Circles and Ellipses into any number of parts at pleasure, and 
in any proposed ratios. 

Although the learned labours of all ages have failed in their attempts at the geo- 
metrical quadrature of the circle, and even of the division of the circumference into 
any number of equal parts at pleasure; yet our own time has furnished the solution 
of a problem but little less curious, and heretofore esteemed almost, if not altogether, 
as difficult at it ; namely the division of the circle into any proposed number of parts 
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whatever, of equal perimeter, and the areas either equal or in any proportion to each 
other. The solution of this seeming paradox was first published by Dr. Hutton, in 
his quarto volume of Tracts, in 1786. That curious solution was, in substance, as 
follows : 

Fig, 106. Divide the diameter ab (Fig. 106.) of the given circle into 

^ as many equal parts as the circle itself is to be divided into, at 

^ \ the points c, D, e, &c. Then on the lines ac, ad, ae, &c., as 

\ diameters, describe semicircles on one side ot the diameter a b, 
aT "^1 J and also on the lines be, bd, bc, &c., on the other side of that 

\ diameter; then will these semicircles divide the whole given 

circle in the manner proposed, viz. into parts which are all equal 

^ to eqph other, both in area and in perimeter. 

For, the several diameters of the dividing semicircle being in arithmetical pro- 
gression, and the diameters of circles being in the same proportion as their circum- 
ferences, the^e also will be in arithmetical progiession. But, in such a progression, 
the sum of the extremes being equal to the sum of each pair of terms that are 
equally distant from them ; therefore the sum of the circumferences on a c and c b, 
is equal to the sum of those on a d and db, and to the sum of those on a e and l b, 
&c. ; and each sum equal to the semicircumfercnce of the given circle on the 
whole diameter a B. Therefore all the parts have equal perimeters; and each pe- 
rimeter is equal to the whole circumference of the first given circle: which satisfies 
one of the conditions in the problem. 

Again, the same diameters being in proportion to each other as the numbers 1, 2, 
8, 4, &c., and the areas of circles being as the squares of their diameters, the semi- 
circles will be as the square numbers 1, 4, 9, 16, &c., and consequently the differ- 
ences between all the adjacent semicircles are as the terms of the arithmetical pro- 
giession, 1, 3, 5, 7, : and here again the sums of the extremes and ot eveiy two 

equidistant means, make up the several equal paits of the circle : which is the other 
condition of the problem. 

But this subject admits of a still more gcomctiical foim, and is capable of being 
rendeied very general and extensive, and is moreover \eiy fruitful in curious con- 
sequences. For first, in whatever ratio the whole diameter is divided, whether into 
equal or unequal parts, and whatever be the number of the parts, the perimeters 


Fiq. 107. always be equal. For since the circum- 

ferences of circles are in the same proportion as their dia- 
p \ meters, and because a b (Fig. 107. ) and a d + » Bf and a c + 
\ CB aie all equal, therefore the semiciicumfcrences c, and b-\~ 
a|^ ® V- ^ df and a e» are all equal ; and constantly the same, whatever 
V AD, DC, CB, of the diameter. We 

'w yy presently find too that the spaces T v, r s, and p q, will 

be universally as the same paits, ad, d c, c B, of the dia- 

meter. 

The semicircles having been described as before mentioned, erect c e perpendicular to 
AB, and join be. Then will the circle on the diameter b e, be equal to the space 
PQ. For, join a E. Now the space P is = semicircle onAB — semicircle onAC: 
but the semicir. on AB = semicir. on a E- f-seinicir. on be, and the seinicir. on ac 
= semicir. on a e — scmicir. on c e ; therefore semicir. a b — semicir. a c = semicir. 
B E-f- semicir. c r, that is, the space P is = semicir. be -|- sefnicir. ce ; to each of 

these add the space Q, or the scmicir. on bc; then p-f- q=: semicir. b e - f' 

c B ri- semicir. B c, that is, r 4- Q = double the semicir. b or =. the whole circle 


In like manner, the two spaces p q and r s together, or the whole space p q r s, is 
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equal to tl&e circle on the diameter b v. And therefore the apace b a fdone, if equal 
to the difference, or the circle on b B minus the circle on b b* . 

But, circles being as the squares of their diameters, be®, bp®, and these again 
being as the parts or lines bo, bd, therefore the spaces pq, pqrs, rs, t v, are 
respectively as tho lines b c, b d, c u, a d. And if b c be equal to c D, then will P Q 
be equal to rs, as in the first or simplest case. 

Hence to find a circle equal to the space R s, where theTtoints D and c are taken 
at random; From either end of the diameter, as A, take a o equal to do, erect 
OH perpendicular to a b, and join ah; then the circle on a h will be equal to the 
space R 8. For, the space p q is to the space r s, as b c is to c d or a o, that is as 
fi E® to A H®, the squares of the diameters, or as the circle on b e to the circle on a h. 
But the circle on u e is equal to the sp-tce pq; therefore the circle on a h is equal 
to the space r b. 

Hence, to divide a circle in this manner, into any proposed number of parts, that 
shall be in any ratio to one another: Divide the diameter into as many pints, at the 
points D, c, &c., and in the same ratios as those proposed; then on the several 
distances of these points from the two ends a and b as diameters, describe the alter- 
nate semicircles on the different sides of the whole diameter ab; and they will 
divide the whole circle in the manner proposed. That is, the spaces t v, ii s, p q, 
will be ns the lines a d, d c, c b. 

But these properties are not confined to the circle alone. They arc to be found 
also in the ellipse, as the genus of which the circle is only a species. Foi if the 
annexed figure be an ellipse described on the axis a b (Fig. 108.) 
the area of w'hich is, in like manner, divided b^ siinilar semi- 
ellipses, described on ad, a c, b c, b d, as axes, all the semi- 
perimeters /, a c, 6 </, c, will be equal to one another, fui the 
same reason as before in the circle, namely, because the penpbe* 
ries of similar ellipses are in the same propoif ion as tbeir dianie- 
^ tens. And the same property would still hold good, if a b were 
^ any other diameter of the ellipse, instead of the axis ; di^erib- 
ing on the parts of its senii-ellipse.^, which shall he similar to 
those into which the diameter a b divides the given ellipse. 

And farther, if a circle he described about the ellipse, on the diameter a b, and 
lines be drawm similar to those in the second figure ; thou by apioces' the very same 
as before in the circle, substituting only semi-elhpse tor seimcircle, it is found that 
the space 


108 . 



P Q = the similar ellipse on the diameter n e, 

p Q r 8 = the similar ellipse on the diameter b v, 

ns = the similar ellqise on the diameter a h, 

or to the difiTercnce of the ellipses on b f and n e ; also the elliptic spaces p Q, P q r s, 
R6, TV, are respectively as the lines b c, bd, d c, ad; being the same ratios as the 
the circular spaces. And hence an ellipse is divided into any number of parts, in any 
assigned ratios, after the same manner us tlie circle is divided, namely, dividing the 
axis, or any diameter, in the same manner, and on the parts of it describing similar 
semi-ellipses. 

With respect to the above method of dividing a circle, Dr. Hatton gives the follow- 
ing anecdote, which we think will be interesting to our readers : — 

“ About the year 1770, Mr. James Ferguson, the ingenious lecturer on astronomy 
and mechanics, in his peregrinations, came to Newcastle, where 1 then resided, to give 
bis usual course of public lectures ; on which occasion, with the assistance of my 
friends, I not only procured him a numerous and respectable audience, but also ac- 
commodated him with the free use of the new school rooms, which 1 had lately built, 
to deliver his lectures in. As Mr. F. commonly amused my family and friends at 



GSOMSTRICAL PBOBLBM9. 


m 

evenings^ with «lie\ving bis ingenious mechanical contrivances and di^awings, on one 
of these occasions he produced a very neat and correct drawing on a large scale, being 
a construction of this problenn in the prolix way in which it had been given by Mr. 
Hawney ; but which he exhibited as a great curiosity. I ventured to state to Inna, 
that 1 thought a much simpler construction might be found out 'ior this problem, 
which was then new to me. As Mr. F. expressed a wish to see such a thing as a 
simpler construction, which however he seemed to have his doubts of procuring, I 
was induced to consider it that evening, before going to rest, and discovered the con- 
struction above given. • 

“ The next morning I shewed it to him, and he seemed much pleased with its 
apparent simplicity, hut doubted whether it might be exactly true On referring him 
to the accompany mg demonstration, I was much surprized by his reply that he could 
not imderstand that, hut he would make the drawing on a large scale, which was 
always Ins way to try if such things were true. In my surprise, I asked where he 
had learned geometry, — by what Euclid or other book, - when he fiankly stated that 
he had never learned any gcometiy, nor could ever understand the demonstration of any 
one of Euclid’s piopositions. Accordingly, next morning, with a*joyful countenance, 
he biouglil me the construction neatly drawn out on a laige sheet of pastebdard, 
saying he esteemed it a tri isurc, having found it quite right, as every point and line 
agreed to a hair’s breath, by measurement on the scale.’’ 

PROBLEM LXIV, 

Of various other Circular Spaces ohsolutely Squarahle. 

Ist. Let there he two eoneentiic circles, through which is drawn the line bn ('Fig. 
109.) a tangent or secant to tlie mteilor eiicle. Drawc a and c b, torming an angle 
A c I), and make the are i> f in pioportioii to the are d a, 'is the 
squill e ot e u is to the difference ot the squares ot ( B and CD : 
it c F be then diavvn, wc shall have the inixtilineal space aiiet 
equal to the lectilincal triangle a c b. 

It is evident that, to render tlie position of ce determinable 
by eominon geometiy, the r.itio between the ares a d and d f 
must he that of certain minibers as 1 to 1. I to 2, 1 to 3, &e , or 
2 to 1, 2 to 3, t^c. CoiisfLupiciitJy^ the dilfcrcnce ot the squares 
ot the radii of the two ejreics, miisf he to the square ot the 
Jess, as 1 to I, or 2 to I, orilto J, K:c. 'J heseetoisof tlie different circles being then 
in the eoinpoiind ratio ot the squaics of their ladii and of their amplitudes, we shall 
have the seetoi bce equal to a ci ; it the common sector dcf therefore be taken 
aw'ay, and the space a D iibe added to bolh» the rectilineal triangle a c b will be equal 
to the space a f e n. 

2d. Let there be any sector, as a c b g a (Fig. 110.) of which a b is the chord. 
In a double, or quadruple, or octuple circle, takea sector achga, the angle of which 
shall be the halt or the fouith, or the eighth part of the angle 
A c B, w'hich it is possible to do with the rule and compasses ; let 
this second sector be disposed as seen in the figure, that is to 
say, in such a manner, that the area^& shall stand on the chord 
A B. We shall then have the space a agb b g A, equal to the 
rectilineal figure e c F c, minus the two triangles age and 

bn V, 

This is almost evident ; for, by the above construction, the sector a cbo is equal 
to a c b g ; if the part therefore which is common be taken aw'ay, there will be an 
equality between what remains on the one hand, viz. the kind of lunule agb bga, 
plus the two uiangles age, and b 6 f, and what remains on the other, or the recti- 
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lineal figures cfo: tliU kind of lunule therefore is equal to the above rectilineal 
figure, diminished by these two triangles. 

Sd. If two equal circles cut each other in a and b (Fig. 111.) 
and if any line a c be drawn intersecting the interior arc in k, 
and the exterior in c, it is evident that the arc e b will be equal 
to the arc B c ; and consequently the segment a b will be equal 
to the segment b c. Hence it follows, that the triangle formed 
by the two arcs a r and b c, and the straight line E c, will be 
equal to the rectilineal triangle e b c. Lastly, that if a d be a 
tangent in a, to the arc a e b ; the mixtilineal figure a s B c o, 
will be equal to the rectilineal triangle a i> b. 

4th It two equal circles touch each other in c (Fig. 112) and 
if a third equal circle be described through the point of contact; 
the curvilineal space a F c £ D B a will be equal to the rectilineal 
quadrilateral abdc. 

For if c B be drawn a tangent to the first two circles, the space 
comprehended by the arcs c f a and a b and the sti aight line c b, 
is equal to the rectilineal triangle cab, as has been shewn 
already. The case is the same with the mixtilineal space c e i) B 
in regard to the triangle cd B : therefore, &c. 

5th. The above remark was made by M. Lambert, in the “ Acta Helvetica,” vol. 
ii. But other spaces of the same form may be found equal to rectilineal figures, 
though bounded by circular arcs, two of which only are equal. 

Let A B c D (Fig. 113.) be a circle, 
from which it is required to cut off, 
by two other circular arcs, a space 
of the above kind absolutely squar- 
able. On an indefinite right line 
make the parts c E, E F, F h. each 
equal to the side of the square in- 
scribed in the given circle: and let 
the third part f h he divided into 
two equal parts in o: on the ex- 
tremity of CE raise the perpendicular E I, and let it he intersected in i, by a circle 
described from c as a centre with the radius oc. Draw ci, and make c K equal to 
it ; lastly, on F o describe a semicircle, cutting, in L, the line k l perpendicular to 
T o ; draw hl, and in the given circle make the chords a b and a d equal to it. 
If with a radius equal to ce, there be then described arcs, passing through the points 
A and B, A and d, with their convexity turned towards c ; we shall have the space 
bounded by the arcs a b, ad, and b c d, equal to the rectilineal space formed by the 
chords A B, A D, and the four chords dm, mc, c n, and nb, of the four equal portions 
of the arc bod. 

But, as enough has been said on this subject, we shall only add one reflection, 
which is, that these quadratures ought not to be considered as real quadratures of a 
curvilineal space. All the marvellous in these operations, as M. de Fontenelle has 
very properly remarked, consists in a kind of geometric legerdemain, by means of 
which as much is dexterously added on the one hand, to a rectilineal space, as is 
taken from it on the other. It was not in this manner that Archimedes first 
squared the parabola, and in which modern geometricians have given the quadrature 
of so many other curves. All these things however appeared to us sufficiently curious 
to entitle them to a place in a work of this nature. 
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PROBLEM LXV. 

Of the measure of the Ellipse or Geometrical Oval, and of its parts. 

It may be easily demonstrated, that the ellipse (Fig. 114.') 
is to the rectangle of its axes a n and d e, as the circle is to 
the rectangle of its axes, or to the square of its diameter a b, 
since each axis is equal to the diameter. 

Thus, as the circle is ^ nearly of the square of its diame- 
ter, the ellipse is also of the rectangle ot its axes. 

Nothing then is necessary, but to multiply the rectangle of 
the axes of the given ellipse by 11, and to divide the product 
by 14 ; the quotient will give the area. 

We shall here add, that each segment or sector of the ellipsis is always in a given 
ratio to the sector or segment of a circle, as is easy to be determined. Let the 
elliptical sector fco, (Fig. 115.) for example, or the segment 
FBG, be given: on the axis a « describe a circle fiom the 
centre c ; and if o f be continued to d and k, we shall have 
the elliptical sector f c g n to the circular sector d c e a, as f o 
to i> E, or as the less axis ol the ellipsis is to the greater : the 
elliptical segment b f g will also he to the circular segment 
I) a F, as F G to D E, or as the Jess axis of the ellipsis to the 
greater. 

Let there be likewise, in an ellipsis, any segment whatever, 
as n 0 p. On the axes let fall two perpendiculars from n and p, and continue them 
till they meet the circle in n and r; ifNP be then drawn, we shall have the segment 
n o p to the circular segment nop, in the same ratio as the less axis is to the 
greater. From this is deduced the solution of the following problem. 
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To divide the sectoi of an ellipsis into two equal parts. 

Let it be required, for example, to divide the elliptical sector 
D c B (Fig. IIG.) into two equal parts, by a line as c g. 

On the diameter ab describe a circle ; and having diawii d i 
perpendicular to a b, continue it to e, and draw l c, which will 
give the circular sector ecu; divide the arc k b into two equal 
parts in f, and draw f h perpendicular to the axis a b ; then 
from the centre c, to the point g, where that perpendicular cuts the ellipsis, draw 
the line g c, the elliptical sector b cg will be equal to g c p, as the circular b c f is 

to F C K. 

The case would be the same if the sector were equal to the 4th part of an ellipsis, 
or any higher part ; and also if the sector were comprehended between any two semi- 
diameters of the ellipsis, as DC and d c. 

In this case, from the points d and d, let fall on the axis the perpendiculars D i 
and d i, which when continued will cut the semicircle aeb in e and e ; divide the 
arc E e into two equal parts in/, and draw f h perpendicular to a b, cutting the 
ellipsis in g ; the line cg will divide the sector r>c d into two equal parts. 

problbm lxvii. 

A. carpenter has a triangular piece of timber ; and, wishing to make the most of it, %m 
desirous to know bp what m^ans he can cut from it the greatest right-angled quadrant 
gular table possible. In what manner must he proceed f 
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Let the given triangular piece of timber be a b o (Fig, 
117 .) Divide the two eideg a b, b c, into two equal parts, 
in F and o, and draw f o : then from the points f and o, 
draw F H and o i perpendicular to the base : the rectangle 
F I, will be the greatest possible that can be inscribed in the 
triangle, and will be exactly the half of it. 

If the triangle be right-angled at a (Fig. 118.) the question may be 
solved in two different w'ays, by which there may be obtained the two 
rectangular tables i i and F 1, which will each be the greatest inscript- 
ible in the given triangle, and both equal. 

When the triangle has all its angles acute, the solution will be 
different according to the side assumed as base. There will conse- 
quently be three, and each will give a table more or less elongated, 
and always of the same area, otherwise the greatest would exclusively 
solve the problem : such are the rectangles f i, o l, and k m (Fig.l 19.) 

But the carpenter having consulted a geometrician, the Litter 
observed that it would be most advantageous to convert this 
piece of timber into an oval table: and in what manner then 
must he proceed to trace out on it the greatest oval pos- 
sible. 

Let the given triangular piece of wood, as before, be A b 0 
(Fig. 120.) First divide each side into two equal parts in r, D, 
and E ; these three points will be the points of contact where 
the ellipsis touches the sides of the triangle ; if the lines A E, 
c r,and b d be then drawn, inteisecting each other in o, the 
point o willhe the centre of the ellipsis. 

Then make o L equal to o e, and through o draw o o, 
parallel to kc, and lliiougli the point n draw eq parallel to 
A E ; then take g p, a mean proportional between c q and go: if 
the triangle u a r be isosceles, the lines g i. and c p will he the 


semi-axis of the ellipsis; and wc have already shewn in what manner an ellipsis may 
be described when the two axes are given. 

But if the angle lgp be acute or obtuse, the ellipsis may be traced out at once 
by means of an instrument, described in Prob. xxii. ; for it is of little importance 
whether the angle of the two given diameters be a right angle or not. This method 
will alw'ays he equally suecessfnl ; with this only difference, that when the above 
angle is not a right angle, the portion'^ of the ellipsis, described in the two adjacent 
angles, lgp and lor, will not be equal and similar. 

The two axes may be determined also directly : the method may be found in books 
on conic sections, and to these we must refer, as the nature of this work will not 
admit of entering deeply into the subject. 


PROBLEM LXVIII. 

TAe points b and c {Fig. 121 ) are the adjutois of two basons in a garden, and a is 
the point where a conduit is introduced, and to he divided into two parts, in order to 
supply B and c with water. Where must the point of separation he, that the sum of 
the three conduits, a D, D B, and d c, and consequently the expense in pipes, shall be 
the least possible f 

This problem, which belongs to that branch of civil engineering that relates to 
the conveyance of water, when reduced to geometrical language, may be enounced 
as follows ; In a triangle a b c, to find a point, from vAich if three lines be drawn 
to the three angles, the sum of these lines shall be the least possible. Now it is 
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evident that there mutt be tuch a point, and that its position being found, the 
expense in pipes will be less than if the point of separation were assumed in any 
other place* 

It would be tedious to explain the reasoning by means of which this problem is 
solved ; and it would be impossible to employ calculation without great prolixity. 
We shall therefore only observe, that it may be demonstrated, that the lequircd 
point n must be so situated, that the angles ad c, ad b, 
Fig. 121. and bdc shall be equal to each other, and consequently 

each equal to 12CP. 

To construct this problem, on the side ac as a chord 
describe an arc of a circle a DC, capable of containing an 
\\ angle of 120°, or equal to one third of the circle of which 

\ \7 forms a part ; if the same thing be done on another of 

\ sides, as b c, the intersection of these two circular 

\// ^ arcs will determine the required point d ; and it is from 

A this point that the conduit must be divided, in order 

to be conveyed thence to b and to c. 

Such, at least, would be the solution of the problem if the three pipes a d, d c, and 
D B, were all to be of the same bore. But an intelligent engineer will not make the 
pipes equal in size ; he will be sensible that to give greater height to the jet, it will 

be proper that the pipes d b and d o should not together admit a greater quantity 

of water than the pipe a D, otherwise the water in these pipes, after coming from 
the pipe d, would be in a state of stagnation, and would not receive the impulse 
necessary to make it rise to its greatest height. 

The solution of the problem, in this new case, is as follows; We shall suppose 
that the bore of the pipe a d, or its capacity, is exactly double that of the other two ; 
that is to say, that the diameters arc in the ratio of 10 to 7 nearly ; lor by these 
means the water will always sustain an equal pressure in the former and in the two 
latter. We shall suppose aUo, that the price ol the foot of each kind of these pipes 
is in the same ratio, because, in economical problems of this sort, it is the ratio of 
the prices that ought chiefly to be considered. 

These things being premised, wc shall find that the point of separation of the 
pipes ought to he in rf, so situated, that the angles c a and b a shall be equal, and 
of such a nature, that the sine of each bhall be to radius as 10 is to 14; or more 
generally, as, the price of the foot of the larger pipe is to double that of the smaller. 
Hence it will be easy, according to this hypothesis, to determine the angle, which 
will be found to be 132° 66' or near J33^ 

If on the sides ab and ac then, of the triangle abc, there be described two cir- 
cular arcs, each containing an angle of 133% their point of section will be in rf, where 
the main pipe ought to be divided, to convey water to b and c, so as to incur the least 
possible expense in pipes. 


Fig. 122. 



Remark — By extending this problem, we may suppose that the 
main pipe is to convey water to three given points, b, c, e, (Fig. 122.) 
In that case it may be demonstrated, that if the four pipes were 
equal, the point of separation could not he placed more advantage- 
ously, at least for diminishing the quantity of the pipes, than m 
the place where the lines a e and b c intersect each other ; but this 
perhaps would not be the most advantageous disposition for making 
the water to be thrown up with the greatest force. 


The same observation, made In regard to the first solution of the problem, may be 
made here also. To give greater force to the jet, the main pipe ought to be nearly 
triple in size to each of the rest* Let us suppose then that the price of a 
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foot of the former, is to that of a foot of the others, as tn is to n ; and in the last 
place, to simplify the problem, the solution of which would be otherwise exceed- 
ingly complex, we shall suppose that the lines ak and bc cut each other at right 
angles ; this being the case, it will be found, that the angle e f c ought to be such, 
that, radius beings unity, the cosine of it shall be ^ n >/ 4 n n — (w — Ij, or, what 
amounts to the same thing:, the sine of the angle i>ci’ must bc equal to the abore 
expression. 

if we suppose then, for example, that in is to » as 5 to 3, we shall have the above 
expression equal to 0 714 IK), which is the sine of an angle of 45'' 38'. If the angle 
DCF therefore he made equal to from 45" to 46", the point F will be that where the 
principal pipe ought to he divided. 

If m were to n as 2 to 1 , the above expression would become equal to 0*86600, 
which is the sine of an angle of 60" j in this case therefore tlie angle d c f ought to 
bc made equal to 60", or each of the angles d f c and d f b equal to 30". 

It IS here evidtnt that, to render the problem susceptible of a solution, m and n 
must be such, that the above expression shall not be imaginary ,^or greater than 
unity. In eiilier of these cases there could be no solution; and this would indicate, 
at most, that the division ought to be made at the point a, or at as great a distance 
as possible from the line b c. This cxjircssion also must not be = 0: in that case 
we ought to conclude that the division should be made at the point d. 


PBOBLEOl LXIX. 

Geometrical paradox of lines which always approach each other, without ever being 
able to meet or to coincide. 

Every per.*von, iu tlie least acquainted with geometry, knows, that if two straight 
lines, in the same plane, approach each other, th«*y will necessarily meet in a common 
point of inteiscctiou. We say in the same plane, for it they were in tliU'cient planes, 
it IS evident that they might approach till a certain term, without cutting each other, 
and that they would then diverge from each other moie and more. If we suppose, 
for example, tuo parallel and \eriical planes, on one ot which is drawn a honzontal 
line, and on the other one inclined to the horizon, it may be readily conceived that 
they will not be parallel, and yet they can never intersect each other, their least dis- 
tance being necessarily that of the two planes. Here then we have two lines not 
parallel, which never meet: but ibis is not the sense in which the problem is 
understood. 

It may be demonstrated that there are many lines, and in the same plane, which 
continually approach each other, and which however can never meet. They are 
indeed not straight lines, but a curve combined with a straight line, or two curved 
lines together. We shall here give a lew examples of these lines, which are very 
familiar to those who are versed in the higher geometry. 


Fig. 123. 

j 



In the indefinite straight line a g, (Fig. 123.) take equal parts 
a B, B c, c D, &c. ; and from the points b, c, d, &c., raise the per- 
pendiculars B 6, cc, D</, EC, &c., w'hich decrease, according to a 
progression, no term of which can become 0, though it may 
become indefinitely small ; let these terms decrease, for exam- 
ple, according to the progression 1, i, &c. : it is evi- 

dent that the curve passing through the summits of the lines, 
decreasing according to this progression, can never meet the 


line G, however far continued, since its distance from that line can never become 0; 


it will however approach it more and more, and in such a manner, as to be nearer it 
than any quantity, however small. This curve, in the present case, is that so well 
known to geometricians under the name of the hyperbola; which has the property 
of being contained between the branches of two rectilineal angles, having their 
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vertices opposed to each other, towards which it approaches more and more, without 
ever touching them. 

If the progression, according to which these lines b 6, c c, J)d, &c. decrease, were 
1, J' "An passing through the points b, c, d, c, &c., would still ap- 

proach more and more to the straight line a c, without ever meeting it ; for whatever 
might be the distance of any term of this progression, it could never become = 0. 

Another example. -^Without the indefinite line af, 
(Fig. 1‘24.) assume any point P, from which draw pa 
perpendicular to a p, and any other lines at pleasure, p b, 
p c, p D, &c., more and more inclined ; in the continuation 
of which make the lines a a, b 6, cc, &c., always equal : 
it is evident that the line passiii^ through the points ff, 
ft, r, rf, &c., never can meet the line a F, though it may 
approach it more and more, and nearer than any deter- 
minate quantity; hccaiise f/ becomes more and more inclined. This curve is that 
known to geomctiicians by the name of the conchoid^ and was invented hy Nico- 
medes, a Greek geometrician, to serve for the solution of the problem respecting two 
mean proportionals. 

A great many other examples might be found in the higher geometry ; but these 
will be sufficient for our puipose. 


Fig. 124. 



PKUBLLM LXX. 

Jn the island of Delos, a temple conseciated to Geometry was erected, on a circular 
basis {Fig. 125 ), and covered by a hemispherical dome, having four windows in its 
cireumference, with a cirntlar aperture at the top^ so combined, that the remainder 
of the hemispherical surface of the dome was equal to a rectilineal figure ; and in 
the ryhndric part of the temple was a door, absolutely squat able, or equal to a rec~ 
tilineal space. What geometneal means did the architect employ in the const) uction 
of this monument i 

Every person, acquainted with the principles of geometry, knows 
that the measure of a hemispherical surface depends on that of 
the circle, wliich is equal to the surface of a cylinder having the 
same base aiui the same altitude, Tlie ingenuity of this construc- 
tion then was, 1st. To have cut from the dome, by the apertures 
above mentioned, spherical portions of such a nature, that the 
remainder should he equal to a iiguie purely rectilineal. 2d. To 
have described in the cyliiuhic part, or circular wall of the temple, 
another figure which was squaiable. The method that might 
have been employed is as follows : 

Let us first siqipose a fourth part of the hemispherical dome, 
having for its base the quadrant acb (Fig. 12G.) Take the arc 
B D, equal to one fourth of the are a b, as the breadth of the arc 
that ought to separate the windows; and draw ad the chord of 
the remainder. Now let s c e be any section whatever, through 
the axis of the dome s c, and let its intersection with a d be f ; 
make c e, CF, c g, continually proportional ; in the axis c s make 
the line c u equal to e c, and draw ii i parallel to C e, which wdll 
intersect the quadrant s e in i : then will i be one of the points 
of the window required ; and the series of points i, determined 
ill this manner, will give the contour of that window, the surface 
of which will be equal to double the segment a e d, while the spherical portion s a i d 8 
will be equal to double the rectilineal triangle c a D, 


l^ig. 125. 
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The whole surihce of this fourth part of the dome will be equal then to double 
this triangle, plus the spherical sector bob, which is equal to double the circular 
sector COB, or to the fourth of the spherical sector sabb; if from this sector, 
therefore, there be cut off the fourth part s l m, by a plane parallel to its base, and 
distant from the vertex s by the fourth part of the radius sc, the remainder of this 
hemispherical quadrant, that is to say the surface a lo b m L a, will be equal to double 
the rectilineal triangle cad. If the other quadrants of the hemispherical dome be 
then made similar to the present one, the whole dome, the apertures deducted, will 


be equal to eight times the triangle acd. 

In regard to the aperture to be made in the circular wall of the temple, and which 
must be equal to a rectilineal space, nothing is easier, though it be a part of a cylin- 


Fig. 127. 



dric surface. Let a bd kf (Fig. 127.) represent one half of this 
sutface; aesume, as the breadth of the door to be formed, the 
chord G H, parallel to the diameter A d ; make o i and n K, 
which are perpendicular to the base, of such a size, that the door 
may have that proportion which good taste and the character’ of 
the work require ; if through the points i, K, and the line a d, 
a plane be then made to pass, which by its intersection with the 
cyhndnc surface will determine the curve ilk, wc shall have the 


cyliudric aperture o n h k i, a little arched at tJic top, which will be to the rectangle 
of c B by a ii, as the sine of the angle L c n is to tlie sine of half the right angle. 
The pioblem of the Gicek geometrician therefore is solved. 


This problem might be varied a great many ways, During my dreary residence, in 
1758, at a post in Canada, 1 umiised myself with these variations, and I resolved the 


problem by making the whole of the surface of the temple absolutely squarable. I 


left only one aperture in the dome, viz. a hole at the top, like that ofthe Pantheon at 
Rome, and I made tlie four windows in the cvlindiic pari of the temple, &c. All this 
however will be easy to any one veisedin geometry. 


I. This problem is ncaily the same as that proposed by Viviafli, in 
1G92, under the title of “ ringma Geo.nctinmm,” which w.is easily solved by Leib- 
nitz, Ik’inonilli, and the Marquis de rilbjntal. An account of it may be seen in my 
“History of the Mathematic*.,’’ vol. ii. book i. Viviani’s solution is ingenious and 
elegant ; but as the dome, according to this solution, would not be susceptible of con- 
struction, because it would bear upon foui points, which in architecture is absurd, we 
have made some changes in the enunciation, liy adding the circular aperture at the top. 
By these means the dome will hear upon paitsthat have some solidity, each wdiidow 
beinij^ separated from the other by an arc which forms u sixth part of the whole cir- 
ferenbe. 

2. Father Guido-Grandi has remarked, that if a polygon, for example the triangle 
ABC (Fig. 128.) be insciibed in the circular base of a cone, and if on each side of 
this polygon a plane be raised perpendicular to the base, the por- 
Ftg, 128. tion of the comc<il surface, cut off towaids tlie axis, is equal to a 
^rectilineal space. For it may be easily demonstrated that this sur- 
face is to that ofthe rectilineal polygon ABC, which corresponds to 
it perpendicularly below% as the surface of the cone is to the circle 
of its base ; that is to say, as the inclined side of the cone s d, 
is to E D the radius of that base. 

The portions also of the cone cut off by the above planes, 
towards the base, are evidently in the same ratio with the seg- 
ments of the circle on which they rest. In fact, whatever figure 
be inscribed in the base, if we conceive a right cylindric surface 
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raised from the circumference of the figure, it will cut off from the conical sur- 
face a portion which will he to it in the same ratio. 

This Italian geometrician, who was of the order of the Camaldules, thought proper 
to give to this conical portion absolutely squarable, the name of “ Velum Camal- 
dulense.^’ In like manner, a Franciscan took it into his head to construct a sun-dial 
on a body which resembled a sandal, and to print a description of it, under the title of 
** Sandalion Giiomonicum.” 


PROBLEM LXXI. 

If each of the aides of any irregular polygon whatever t as A B c D E A (Fig, 129.) 
he divided into two fqual paris^ as in a, b, c, d, e ; and if the points of division 
in the contiguous sides he joined ; the result will be a new polygon a b c d e a : 
if the same operation he performed on this polygon i then on the one resulting 
from it ; and so on ad injinitum ; it is required to find the point where these 
divisions will terminate. 

This problem, impossible to be resolved perhaps by considera- 
tions purely geometrical, is susceptible of a very simple solution, 
deduced from another coiisideratioji, and which shall be given in 
a subsequent page. 

In the mean time our readers may exercise their ingenuity 

upon it, as wc shall only add, that it was pioposcd in 1750, by M. D , who said 

he hud it from M. Buffon. 


Fig. 129. 



A COLLECTION 

OF VARIOUS PROBLEMS, BOTH ARITHMETICAL AND GEOMETRICAL; 

THE SOLUTION OF WHICH IS PROPOSED BY WAY OF EXERCISE TO 

MATHEMATICAL READERS. 

Tiioar. who study mathematics cannot begin too early to exercise their talents with 
the solution of the pioblemt. jircsented by that science; for it is by such exercise that 
the inventive faculty is called forth and strengthened. We have therefore thought 
it our duty to subjoin to this part of the JMdthcmatical Recreations, a selection of 
problems pioper for cxiTcising and amusing young mathematicians. They are of 
dilFeient degrees of difliculty, that they may be suited to the different capacities of 
those who read tliis woik. Some curious theorems have been inserted among them; 
and, as the demonstration of these is required, they may serve also to exercise their 
ingenuity. 

It may be here observed, that, as the most of these problems are far from being 
dlfficuU if the resources of algebraic calculation be employed, it is therefore proposed 
that the solutions of them should be found by means of pure geometry ; ns it is well 
known that algebraic analysis gives, for the most part, complex solutions, while those 
which arise from analysis purely geometrical are far more simple and elegant. 

ARITHMETICAL AND GEOMETRICAL PROBLEMS AND THEOREMS. 

Problem i In a right-angled triangle, given the base, the sum or difference of 

the other two sides, and the area, to determine the triangle? 

PROB. II.— Given the base, the ratio of the other two sides, and the area, to deter- 
mine the triangle. 

pROB. in. — The base, the angle comprehended by the two other sides, and the area 
being given, to determine the triangle. 



184 


GSOMCTllY. 


PftOB. IV.— Three lines being given in position, on a plane, to draw another line 
through them, which shall be cut by them into two parts, in a given ratio. 

PnoB. V. — Four lines being given in position on a plane, to draw another line 
through them, which shall be cut into three parts, in a given ratio. 

Pros. vi. What is the probability of throwing an ace, or any one of the faces of a 

die, in three throws; that is, cither at the first, second, or third throw ? 

Prob. vii At the game of Piquet, a is fiist in hand, and has no ace ; what pro- 

bability is there that he will take in from the pack either one, or two, or three, 
or four aces. 

Prob. viii ^W^hat is the probability of throwing one ace, and no more, in four 

fueressive throws ? 

Prob. ix. — In a lottery, where the number of blanks is to that of the prizes as 39 
to 1, as was the case in the year 1720, how ma jy tickets must be purchased that the 
buyer may have an equal chance for one or more prizes f 

Prob. x. — If a man has in his hand a certain number of pieces of money, as for 
example 12, how much may be betted to 1 that in tossing them all up -it once, or 
separately, there shall be as many heads as tails. 

Prob. xr. — Four lines being given of such a nature, that any three of them are 
together greater than the fourth, to coiistiuct of them a quadrilateral figure insenp- 
tible in a circle, or which can be circiimscrjl>ed about it ? 

Theorem 1. — If from tlie three angles of any right angled triangle, three lines be 
drawn perpendicular to the opposite sides, they will all cut each other in the same 
point. 

Theor. 2. — If lines be drawn from these angles, dividing each of them into two 
equal parts, or cutting the opposite sides into two equal parts, these three lines will 
all pass through the same point. 

Prob. xii A trapezium being given, to divide it into tw^o equal parts, or in any 

given ratio, by a line passing through a given point, either in one of the sides, or 
within the trapezium, or without it. 

Prob. xiir In a given circle to inscribe an isosceles triangle of a given magnitude. 

— It is evident that this triangle must he less than the eqml.itcr.il triangle inscribed 
in tlie given circle; for the latter is the greatest of all those that can he inscribed 
in it. 

Prob. xiv. — T o circumscribe about a given circle an isosceles triangle of a 
given magnitude. — Tliis triangle must be greater than the circunibcribed equila- 
teral triangle ; since the latter is the least of all those that can be circumsciibed. 

Prob. xv In an isosceles triangle to describe three circles, each of which shall 

touch two sides of the triangle, and which all thiec shall touch each other. 

Pror. XVI. — To do the same thing in a scalene tri-angle. 

Prob. xvii. — What is the value of this analytical expression, s/ 2 >7~2 2, &c., 

in infinitum? — The^«vvei is 2; but a demonstration is required. In like manner 
the value of \/ 3 js/ 3 3, &e., in infinitum, is 3 ; and so of any other number. 

Prob. xvrri, — In a pyramid, of four tiiaiigiilar faces, it the sides of these four tri- 
angles be given ; required the angles formed by the faces of this pyramid, the perpen- 
dicular let fall fiom any of the angles on the base, and the solidity of the pyramid. 

Prob. xix. — To cut a given trapezium into four equal paits, by lines intersecting 
each other at right angles. 

Prob. xx A gentleman has an irregular quadrangular piece of ground, from which 

he is desirous, for the purpose of making a parterre, to cut the largest oblong pos- 
sible, with its angles touching the sides of the quadrilateral; bow is this to be 
done? 

Prob. xxi. — ^G iven the area of a right-angled triangle, and the sum of the three 
rides, to determine the triangle. 



A COLLECTION OF PROBLEMS. 


IBS 


pROB. Exn. — If from & pack, consisting of 52 cards, 13 of each suit, 5 cards ke dealt 
to one person ; what is the chance that two of them shall be trumps, or of any suit 
that is proposed. 

Pros, xxm, — About a given circle to circumscribe a triangle, of a given perime- 
ter ; provided this perimeter be greater than that of the equilateral triangle circum- 
scribed. 

Prod, xxiv In a triangle, not equilateral, to find a point which, if three per- 

pendiculars he drawn to the three sides, they shall be together equal to a given line, 
— We have excluded the equilateral triangle, because it may be easily demonstrated, 
that from whatever point, within such a triangle, perpendiculars are let fall on the 
sides, their sum will be always the same. 

The case is the same in regard to every regular polygon; and even those that 
are inegular, provided the sides are equal. 

Prob. xxv In a given circle to inscribe an isosceles triangle, or to circumscribe 

about it a tnangle of a given perimeter. — This problem not being always possible, 
as may be easily seen, it is required to assign its limitations. 

Prob. xxvi In a given circle to inscribe, or to circumscribe about it, any 

triangle wliatever, of a determinate perimeter. 

Prob. xxvri. — In a given quadrilateral to inscribe an ellipsis; that is to say, 
to describe in it an ellipsis which shall touch its four sides. 

Prob. xxviir. — A jeweller has a valuable plate of agate, in the form of an irre- 
gular trapezium, and is desirous to cut from it tlie largest oval possible for the lid 
of a snuff-box: in what manner must he proceed.^ — It is evident that this problem 
expressed geometrically is as follow's; In a given quadrilateral to inscribe the 
largest ellipse possible : a problem which is certainly not easy. It is proper to in- 
form those who may be disposed to try it, that it requires a profound knowledge of 
analysis. The following also might be proposed ; 

About a given quadrilateral to circumscribe the least ellipsis possible. 

Prob. xxix. — A point and a straight line being given, in w'hat line will be 
found the centres of all the circles passing through the given point, and touching 
the given line. 

Pkoh. XXX. — Required the same thing in regard to all the circles that touch a 
given circle and a given straight line. — This straight line may be without the given 
circle ; or it may touch it, or intersect it. 

Prob. xxxi. — Any two circles being given, in what line will be found the 
centres of all the eireles that touch the given ciiclcs* whether the touching circle 
comprehends them both within it, or touches the one without and the other 
within ? 

Prob. xxxii. — The base of a triangle, the sum of the two other sides, and the 
line drawn from the vertex to the middle of the base, being given ; to determine 
the triangle. 

Prob. xxxni.— Given the three lines, drawn from the angles of a triangle to the 
middle of each of the opposite sides; to determine the triangle. 

Prob. xxxiv — Given the base of a triangle, and the sum and the difference of 
the squares of the sides, to determine the triangle— This problem is susceptible of a 
very simple aud very elegant construction; for the vertex of this triangle is in the 
circumference of a certain circle, and is also in a certain straight line, 

Prob, xxxv. — G iven the three lines drawn from the angles of a triangle to the 
opposite sides, dividing each of these angles into two equal parts ; to determine the 
triangle. 

Prob. xxxvi.— Any number of points being given, to draw a straight line among 
them in such a manner, that if a perpendicular be let fall on it from each of these 
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points, thfi sum of the perpendiculars on the one side, shall be equal to the sum of 
those on the other side. 

Prob. XXXVII.— The same suppositicn being made, it is required that the sum of 
the squares of the perpendiculars drawn on the one side, shall be equal to the sum of 
the squares of those on the other; or that the sum of these perpendiculars, raised 
to any power whatever n, shall be on both sides equal. 

Prob. xxkviii — lu any trapezium, given the four sides and the area, todetrr- 
mine the trapezium. 

Prob. xxxix — An angle being given, to find a point from which if two perpendi- 
culars be let fall on its sides, the quadrilateral formed by them and the sides of the 
angle, shall be equal to a given square. 

Prob. xl — A s there are an infinite number of points which will answer the pro- 
blem, it is proposed to find the line traced out by them, or the curve which they 
form. 

Prob. xli.— To find four numbers in arithmetical progression, to which if four 
given numbers, such as 2, 4, 8, 17, be added, their sums shall be in geometrical pro- 
gression. 

Prob. xlh. — Two couriers, a and n, set out at the same time ; a from Paris 
for Orleans, the distance between which is (30 miles, and b Irom Orleans for Paris; 
and they travel at such a rate that a reaches Orleans 4 hours after meeting n, 
and B reaches Paris 6 hours alter meeting a : how many miles per hour did each 
tiavel? 

Prob. xltii. — A certain sum, placed out at interest, amounted at the end of a 
year to £ 1 100, and at the cud of eighteen months to £1120 ; what was the sum, and 
at what rate of interest was it lent ? 

PjiOB. xi.iv. — Two bills of exchange, one of £1200, payable in 6 months, and 
the other of £2000, payable in 9 months, were discounted at the same time, and 
at the same rate of interest, for £120, at what rate of interest were they dis- 
counted ? 

PaoB. XLV — How many ways can £100. be paid by guineas, at 21 shillings, and 
pistolesat 17 shillings, each ? 

Prob. xlvi. — An angle and a point within it being given, to draw through that 
point a straight line intersecting the two sides of tho angle, in such a manner, that 
the rectangle of their segments tow'ards the vertex, shall he equal to a given square. 
This given squaie must not be less than a certain square, which gives rise to the 
following problem. 

Prob. XLVii.—The same supposition being made as in the preceding case, re- 
quired the position of the line passing through the given point, when the rectangle of 
the sides of the angle cut off towiirds the vertex is the least possible. 

P*iOB. XLviii.— Three lines being given in position, to find a point from which 

the three perpendiculars drawn to these lines shall be m a given ratio We shall 

here observe that this problem is susceptible of a very simple and very elegant 
solution, without calculation. 

Prob. xli\ — Given tw'o circles in a given ratio, as of I to 2, for example, and 
which cut each other, but in such a manner as not to form a squarable lunule; it is 
proposed to draw through these circles a line parallel to that which joins the 
points of intersection, so that the part of the lunule cut oflf above may be equal to a 
rectilineal space. 

Prob. l — The same supposition being made, it is proposed to cut the two 
circular arcs by a third, which shall be of such a nature that the concavo-con- 
vex triangle, formed by these three arcs, shall be equal to a rectilineal space, if 
possible. 
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Pbob* LI.— Three persons have together £100} and it is known that 0 times the 
money of the first, plus 15 times that of the second, plus 20 times that of the third, 
is equal to £1500. How much money has each ? — It may be here proper to ob- 
serve, that this problem, as well as the 45tb, 52d, 57th, and 58th, is susceptible of 
several solutions ; and to solve them completely it will be necessary to find all the 
different answers, and to shew that there can be no more ; for by repeated trials it 
would not be difficult to find some of them. 

Pros. lti. — A farmer bought 100 calves, sheep, and pigs, for the sum of £100., at 
the rate of £3. lOs. for the calves, £1. 6s. 8J. for the sheep, and 10s. for the pigs: 
How many of each kind did he purchase ? 

Prob. liii.— Three merchants enter into partnership, and agree to advance each 
£10000. towards a certain adventure; two of them paid down the money, but the 
third advanced only the half of his share, that is £5000; the adventure having 
failed, they lost not only their capital but 50 per cent, more : What must each contri- 
bute to make good the loss ? 

Prob. biv.— In a rectilineal triangle, given the base, the rectangle of the other 
two sides, and the included angle, to determine and construct the triangle. 

Prob. lv An arc of a circle being given, to divide it into two parts, the sines 

of which shall be in u given ratio. 

Prob. lvi. — I f a person draws 4 cards from a pack, containing 32, what probabi- 
lity is theie, or how much may be Netted to 1, that among these four cards there 
will be one of each colour ? 

Prob. Lvn. — It is required to divide 24 into three such parts, that if the first be 
multiplied by 30, the second by 24, and the third by 8, the sum of those products 
may be 516 ? 

Prob. Lvin.— How many ways may foursorts of wine, the prices of which arc 16d. 
lOd., 8d. and Od. per quart, be mixed, so as to make 100 quarts in all, worth 12d. 
per quart ? 

PiioB. Lrx. — To find a number of such a nature, that if 12 and 25 be successively 
added to it, the sums shall be square numbers. 

Prob. lx — To find three numbers, the squares of which shall be in arithmetical 
progression. 

Prob, lxi — Any number of points being given, to find another, from which if 
straight lines be drawn to all the rest, the sum of these lines shall be equal to a given 
line. 

Prob. lxit — The same supposition being made as before, the sum of the squares 
of the lines drawn from the icquired point must be equal to a given square. 

It is very singular that the last problem is susceptible of a construction much 
easier than the preceding. We shall here observe, merely for the purpose of excit- 
ing the curiosity of the geometrical reader, that in the latter the required point, and 
all those that solve the problem, for there are a great many which do so, are situated 
in the circumference of a certain circle ; and it is very remarkable that the centre of 
this circle is the centre of gravity of the given points, supposing each of them to 
be charged with the same weight. 

It may be observed also, that it it were required that the square of one of the 
lines drawn, plus the double of the second, plus the triple of the third, &c., should 
make the same sum, it would be necessary to suppose the first point loaded with a 
single weight, the second with a double weight, the thiid with a triple one,&c., and 
their centre of gravity would still be the centre of the required circle. 

The solution of this problem was not unknown to the ancient geometricians. It 
was one of those of the Loca plana of Apollonius ; and this may serve to give us a 
more favourable idea of their analysis than is generally entertained. 
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COLLECTION OP USEFUL TABLES. 


TABLE 

OF THE LENGTH OF THE FOOT, OR OTHER LONGITUDINAL MEASURE 
USED IN ITS STEAD, AMONG THE DIFFERENT NATIONS AND IN THE 
PRINCIPAL CITIES OF EUROPE. 


Hayino frequently experienced great embarraasment, while engaged in cer- 
tain researches, from not being able to obtain accurate information respecting the 
measures of different countries, whenever an opportunity occurred we collected 
with great care the proportions of these foreign measures, both ancient and 
modern, as compared with our own, and it js hoped our readers will consider 
themselves indebted to us for the following table on this subject, which there is 
reason to think is the fullest and mo^t complete ever given. All the different mea- 
sures are compared with the English foot, which is here supposed to be divided into 
12 inches, each inch into 12 lines, and each line into 10 parts : which makes the foot 
to consist of 1440 of these parts. The first column in the table shews the number of 
these parts which each measure contains ; and the second the value of it in English 
feet, inches, lines, and tenths of a line. 


ANCIENT FEET. 

Ancient Roman foot 

Greek and Ptolemaic 

Gi eek Phyleterian 

Foot of Archimedes, or probably of Sicily and Syracuse . . 

Drusian 

Macedonian 

Egyptian 

Hebrew 

The natural (Jiominis vestigium) 

Arabian 

Babylonian 


MODERN FEET. 

English 

Altorf 

Amsterdam 

Ancona and the Ecclesiastical States 

Antwerp 

Aquileia 

Arles 

Augsburg 

Avignon 

Barcelona 


parts. 

ft. 

in. 

lin. pts. 

1392 

0 

11 

7 

2 

1453 

1 

0 

1 

8 

icsr 

1 

2 

0 

1 

1051 

0 

8 

9 

1 

1570 

1 

1 

1 

0 

1070 

1 

1 

11 

0 

2040 

1 

5 

0 

0 

1745 

1 

2 

6 

5 

1172 

0 

9 

9 

2 

1577 

1 

1 

1 

7 

1048 

1 

1 

8 

6 

1035 

1 

1 

7 

5 


J440 

I 

0 

0 

0 

1110 

0 

9 

3 

6 

1335 

0 

11 

1 

5 

1840 

1 

3 

4 

6 

1353 

0 

II 

3 

3 

1024 

1 

1 

0 

4 

1279 

0 

10 

7 

9 


1399 0 11 7 9 

1279 0 10 7 9 

1428 0 11 10 8 
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parts. ft. in. lin,pts. 

Basle 1360 0 11 4 0 

Bergamo 2060 1 5 2 0 

Berlin 1428 0 11 10 8 

Besan9oii 1462 1 0 2 2 

Bologna 1792 1 2 11 2 

Bourg en Bresse and Bugey 1483 1 0 4 3 

Bremen 1375 0 11 5 5 

Brebcia 2247 1 6 8 7 

Breslatv 1620 1 1 6 0 

Bruges 1079 0 8 11 9 

Brussels 1299 0 10 9 9 

Chambery and Savoy 1594^ 113 4 

China — Tribunal of mathematics 1623 116 3 

Imperial foot 1513 0 17 3 

Cologne 1300 0 10 10 0 

Constantinople 3161 2 2 4 1 

1678 1 1 11 8 

Copenhagen 1511 I 0 7 1 

Cracow 1684 1 2 0 4 

Dantzic 1329 0 11 0 9 

Delft 787 0 6 6 7 

Denmark 1508 1 0 6 8 

Dijon 1483 1 0 4 3 

Dordrecht 1110 0 9 3 0 

Ferrara 1896 1 3 9 6 

Florence 1433 0 11 11 3 

Franche-Comte 1687 1 2 0 7 

Frankfoit on the Main 1343 011 2 3 

Genoa (the palm) 1170 0 9 9 0 

Geneva 2763 1 11 0 3 

Grenoble and Dduphigny 1611 1 1 5 1 

Haerlem 1350 0 11 3 0 

Halle in Saxony 1407 0 11 8 7 

llainbiirgli 1343 0 11 2 3 

Heidelberg (Palatinate) 1300 0 10 10 0 

Inspruek.. 1566 1 1 2 6 

4ieghorn 1428 0 1 1 10 8 

Leipsic 1489 1 0 4 9 

Leyden 1473 1 0 3 3 

Liege 1360 0 11 4 0 

Lisbon 1371 0 11 5 1 

Lombardy, foot of Luitprand or Aliprand 2053 1 5 1 3 

Lorraine 1377 0 11 5 7 

Lubec 1343 0 11 2 3 

Lucca 2787 1 11 2 7 

Lyons and the Lyonnebe, Fores and Baujalois 1011 J J 5 1 

Madrid 1318 0 10 11 8 

Maestricht 1319 0 10 11 9 

Malta (the palm) 1318 0 10 11 8 

Mantua (the brasso) 2190 1 6 3 0 

Marseilles 1172 o 9 9 2 
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fMtfti. 

Macblin * 1084 

Mtiiitz 1423 

Milan-^Decimal foot 1231 

— Aliprand ditto 2033 

Modena , . • • 2997 

Monaco 11 10 

Montpellier (the pan) 1119 

Moscow 1337 

Munich 1364 

Naples (the palm) 1240 

Netherlands, see Maestricht. 

N uremberg— Town foot 1434 

Country foot 1300 

Padua 2024 

Palermo 1076 

Paris—foot 1535 

metre 4731 

Parma 2092 

Pavla t’217 

Prague 1424 

Piovence, see Marseilles. 

Rhiulaiidish foot 1473 

Riga 1343 

Rome (the palm) 1055 

Rouen, as at Paris 1^35 

Savoy, see Chambery. 

Seville hi Andalusia 1428 

Sienna, common foot 17^4 

Stettin in Pomeiania 1703 

Stockholm 1545 

Strasburgh — Town foot 1377 

Country ditto 1395 

Toledo 1318 

Turin (Piedmont) 2414 

Trent 1729 

Valladolid J307 

Venice ...." 10,38 

Verona 1609 

Vicenza 1636 

Vienna 1492 

Vienne in Dauphigny 1524 

Ulm 1190 

Urbino 1673 

Utrecht 1067 

Warsaw 1684 

Wesel 1110 

Zurich 1410 


ft. lln. ia.pts. 
0 9 0 4 
0 11 10 3 
0 10 3 1 
15 13 

2 0 17 
0 9 3 0 
0 9 3 9 
0 11 1 7 
0 11 4 4 
0 10 4 0 

0 11 11 4 
0 10 10 6 
15 8 4 
0 8 11 6 
10 9 5 

3 3 5 1 

1 10 5 2 

1 5 7 

0 11 10 4 

10 3 3 
0 11 2 3 
0 8 9 5 
10 9 5 

0 II 10 8 

1 2 10 4 
12 8 3 
I 0 10 5 
0 115 7 
0 117 5 
0 10 11 8 
18 14 
12 4 9 
0 10 10 7 
117 8 
114 9 
117 6 
10 5 2 
10 8 4 

0 9 11 0 

1 1 11 3 
0 8 10 7 
12 0 4 
0 9 3 0 
0 11 9 0 
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TABLE 

« 

OF BOMB OTHSR BfBASUBES, BOTH ANCIENT AND MODBBN, COMPARED WZTH THB 

ENGLISH STANDARD. 

The ancient cubit in general was a foot and a hal£ The Hebrews however had 
three cubits. 

1st. The common cubit, which was a foot and a half Hebrew measure, or 2C17 of 
those parts of which the English foot contains 1440. 

2d. The sacred and modern cubit, which was one Babylonic foot and three quarters, 
or 2883 or 2861 parts of the English foot. 

Sd. The great geometric cubit, which was 9 Hebrew feet, or 6 lesser cubits. 

Grecian feet. 


The orgya of the Greeks was 6 

Thcaruia 50 

The plethron ]00 

The diplcthron * 200 

Roman feet. 

The hexapoda of the Romans was 6 

The decempedd 10 


MEASURES OF PARIS. 



French feet. 

English feet. 




JLVjLwvFv| Oi Ilv W IXlwiJ tIIFw • a 

* * • *^aBa 

00 

23 4515 

01 QIQ\ 

The roj al pei ch 


The mean pei ch 

The lesser pci ch used at Pans 


AL OlvO 

19 1876 


The acie is lOO^quaic pcichcs. 
The arc is 100 squaic ineties. 


MEASURES OF CAPACITY FOR LIQUIDS. 

The Alnid for liquids (Pans mcjisiirc) contains 8 French cubic feet, or 1 6744*7071 
Englibh cubic inches. 

Six French cubic inches make a poiiH;oii, or by corruption poisson, = 7*2677 


English cubic inches. 

Eng. cub. inches. 

2 poissons make 1 demi-setier 14*5353 

9 demi-setiers 1 chopine 29 0707 

2 chopiiies 1 pinte 58 1413 

2 pintes • • • • 1 quarte 1 16*2827 

4 qiiartes 1 giandsetier 465*3308 

36 grand setiers 1 muid 16744*7071 

Litre a cubical decimeter = 1 2*0 pinte. 


A muid therefore is equal to 72*4871 English wine gallons, or about It hogshead. 


PRENCII DRY MEASURES. 


The litron contains 36 French cubic inches, or 43*606 English cubic inches. 


16 lltrons make 
3 boisseaux •• 

2 minots 

2 mines 

12 setiers 


Eng. cub. inches* 
1 boisseaii 607*696 

1 miiiot 2093*088 

1 mine 4186*176 

1 setier 8372*352 

1 Paris muid 1004^*224 
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Hence the French muid for things dry is equal to 46*7*2 English bushels, or 6 quar- 
ters 6 bushels 2*88 pecks. 

The following tables of ancient measures, have been added from Arbuthnot. 


BOMA.N 9I2A8URES OF LENGTH. 


Digitus transversus 
XJncia, the ounce • • 
PalmuB minor • • • • 

Pes, the foot 

PaUuipes 


0-72525 Eng. in. 

Cubitus 


0*967 — 

Gradus 

. 2*4175 — 

2*901 ~ 

Passiis 

• • * • • 0*967 paces. 

11*604 — 

Stadium 

120*875 — 

1*20875 Eng. ft* 

Milliare • • • • • 



8CRIPTURK MEASURES OF LENGTH. 


Digit 

Palm 

Span 


0-7425 

inches. 

Arabian pole • • • 

. . . 4*62 

yards. 

2*97 


Schaenus •.••••• 

... 46*2 

r . 

8*91 



Stadium 

*. 231*0 


1*485 

Eng ft. 

Sabbathday’s journey 1 155*0 


1 *7*125 

— 

1 Eastern mile • > ■ 

•*. 1*886 

miles. 

2*31 

yards. 

Parasang 

••• 4*158 


3*465 

— 

Day’s journey ... 

33 264 

... 


GRECIAN MEASURES OF LENGTH. 


Dactylos 
Doron ] 


• . • • 0*75546 inches. 

DochmeJ 3 02187 - 

Dichas 7'55i68 — 

Orthodoron 8*31015 — 

Spithame 9*00562 Eng. in. 

Pous 12*0875 — 

Pous 1*00729 Eng. ft. 


Pygme* ' 
Pygon ... 
Pcchys* » ' 
Orgya • * * 
Stadios ^ 
Dulos 5 


• M3*203Eng.ft. 

• 1*25011 — 

• 1*51003 — 

. 1 007*20 — 

100*7*2916 paces. 
805*8333 -- 


Hemina « • 
Sextarius 


ROMAN DRY MEASURES. 

0 5074 Eng. pints. | Modius • 
1*0148 — 


ATTIC DRY MEASURES. 

Xestes • • • 0*9003 Eng. pints. | Medimnns « 

Chenix 1*486 — 


1*0141 Eng. peck. 


1*0906 Eng. bush. 


Gachal 
Cab •• 
Gomer 
Seah .. 


JEWISH DRY MEASURES, ACCORDING TO J08EPHV8, 

• 1*0961 Eng. bush, 

• 5 4807 


Hemina * * . 

Sextarius 

Congius*.' 


• 0*1949 Eng. pints. 

• 3*874 

Ephah • . * • 

* 7*0152 — 

Coron I 

. 1*4615 Eng. peck. 

Chomer ) 

ROMAN MEASURES FOR LIQUIDS. 

0*59759 Eng. pints. I 

Urna 

1*19518 — 

Amphora * * . 

7-I7I2 _ 1 

Culeus 

ATTIC MEASURES FOR LIQUIDS. 


1*3702 Eng. qr. 


3*5857 Eng. gals. 
7*1712 

2*2766 Eng. hogs. 


Cotyle • 


Xestes 1*1483 


0*5742 Eng. pints. 


Chous •••< 
Meteotes 


6*8900 Eng. pints. 
10*3350 Eng, gall. 


• Prom tbis measure is derired the English word pigmy. 
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JEWISH MEASURES FOR LIQUIDS. 

0-8()12 Eug. pints. | Seah 3*4450 Eng gall. 

^"Og 1 1483 — Bath 10*3350 

4*5933 — Coron 1*6405 Eng W 

Hill 1*7225 Eng. gall. 

FRENCH MEASURES. 

The Paris foot is to the English foot, as 1 to 1*065977 

The Paris square foot is to the English, as 1 to 1 *136307 

The Paris cube foot is to the English, as 1 to 1*211277 

The French wine pint contains 58*1413 English cubical inches ; and the English wine 
pint contains 28*875 cubical inches. 


NEW FRENCH MEASURES. 

The new French measures were established by a decree of the national convention, 
on the 7th of April, 1795. The elementary measure on which they are founded, is 
a decimal part of the distance from the pole to the equator ; that is to say, a decimal 
part of a quarter of the terrestrial meridian : for the meO e, which is the element of 
all the rest, is the ten millionth part of that distance, and is equal, in the old French 
measures, to 36 inches and 11*296 lines. A metre in length, is the element of all 
the lineal measures ; a square metre is the element of all the superficial measures ; 
and a cubic metre is the clement of all the measures of capacity. 

MEASURES OF LENGTH. 


Hng. indies. 


Millimetre ... 

,,, 

•03i)37 

Centimetre ... 

... ... ... 

•39378 

Decimetre ... 

... „ 

3-93786 

Metre 

... ,,, 

39-37860 

Decametre ... 

... ... ... 

393-78605 

Hectometre 



3937-86059 

Chiliornetre 



39378-60599 

Myriometre 

393786 0599T 

Mile., fur. ,d.. ft. incbei. 

A Metre is 



3 3*37 

A Decametre 

... 

10 2 9*78 

A Hectometre 

... 

109 1 1 86 

A Chiliornetre 

4 

213 2 6*60 

A Myrionictie 

6 1 

158 1 6 05 


The distance from the pole to the equator, or fomtb part of the terrestrial meridian, 
according to the late French measurement, is 32815504 English feet. 

Centesimal degree = 328155*04 English feet. 


Millilitre 

Centilitre 

Decilitre 


MEASURES OF CAPACITY. 

hng. cub. inebes. 

*06106 

*61063 

6*10034 


Litre 

Decalitre 

Hectolitre 

Chiliolitre (cubic metre) ... 
Myriolitre 


61 *06345 
CIO G3450 
6106 34504 
61063*45042 
610634*50427 


O 
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MEASURES. 


A litre is 2*114, or nearly 2J English wine pints. 

A Hectolitre is 2*6434 wine gallons, or 2 g^lons 2 quarts 1*14 pint. 

A Chiliolitre is 4 hogsheads, 12 gallons, 1*36 quart ; or 1 tun 12*34 gallons. 
A Myriolitre is 10 tuns, 1 hogshead, 60*4 gallons ; or nearly lOj^ tuns. 


SQUARE OR BUPERFICIAE MEibSURES. 

Eng. square feet. 

Square millimetre . . *01076 

Square centimetre .. *10768 

Square decimetre 1*07685 

Centiare (square metre) . . . . . • 10*76856 

Declare • . 107*68564 

Are 1076*85645 

Decare 10768*56454 

Hectare 107685*64540 

Chiliare 1076856*45407 

Myriare 10768564*54070 

A Hectare is 2*472 English statute acres ; or 2 acres, 1 rood, 35*5 poles. 


MEASURES FOR FIRE-WOOD. 

Eng. cubic, feet. 

Decistere 3*533764 

Stere (cubic metre) .. .. .. .. 35*337645 
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PART THIRD. 

CONTAINING VARIOUS PROBLEMS IN MECHANICS. 


After Arithmetic and Geometry, Mechanics is the next of the physico-mathematical 
sciences, having their certainty resting on the simplest foundations. It is a science 
also, the principles of which, when combined with geometry, are the most fertile 
and of the most general use in the other parts of the mixed mathematics. All those 
mathematicians therefore who have traced out the development of mathematical 
knowledge, place mechanics immediately after the pure mathematics, and this method 
we shall here adopt also. 

We suppose, as in every other part of the mathematics introduced into this work, 
that the reader is acquainted with the first principles of the science of which we 
treat. Thus, in regard to mechanics, we suppose him acquainted with the principles 
of equilibrium and of hydrostati(;s ; with the chief laws of motion, &c. For it is 
not our intention to teach these principles ; but only to present a few of the most 
curious and remarkable problems which arise from them. 

PROBEEM I. 

To cause a ball to proceed in a retrograde directioHy though it meets with no apparent 

obstacle. 

Place an ivoiy ball on a billiard table, and give it a stroke on the side or back 
part, with the erdge of the open hand, in a direction perpendicular to the table, or 
downvv.ud. It will then be seen to proceed a few inches forward, or towards the 
side where the blow ought to cany it; after which it will roll in a retrograde direc- 
tion, as it were of itself, and without having met with any obstacle. 

Remark, — Thii cfTcct is not contrary to the well-known principle in mechanics, 
that a body once put in motion, in any direction, will continue to move in that di- 
rection until some foreign cause oppose and prevent or turn it. For, in the present 
case, the blow given to the hall, communicates to it two kinds of motion; one of 
rotation about its own centre, and the other direct, by which its centre moves pa- 
rallel to the table, as impelled by the blow. The latter motion, on account of the 
fr iction of the ball on the table, is soon annihilated ; but the rotary motion about 
the centre continues, and when the former has ceased, the latter makes the ball roll 
in the retrograde direction. In this effect, therefore, there is nothing contrary to 
the well known laws of mechanics. 


PROBLEM JI. 

To make a false hall, for playing at nine pins. 

Make a hole in a common ball used for playing at the above game ; but in such a 
manner as not to proceed entirely to the centre ; then put some lead into it, and 
close it with a piece of^ wood, so that the joining may not be easily perceived. When 
this ball is rolled towards the pins, it will not fail to turn aside from the proper 
direction, unless thrown by chance or dexterity in such a manner, that the lead shall 
turn exactly at the top and bottom while the ball is rolling. 
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/JemarA:.— The fault of all balls used for billiards depends on this principle. For, 
as they are all made of ivory, and as, in every mass of that substance, there are 
always some parts more solid than others, there is not a single ball perhaps which 
has the centre of gravity exactly in the centre of the figure. On this account every 
ball deviates more or less from the line in which it is impelled, when a slight motion 
is communicated to it, in order to make it proceed towards the other side of the 
billiard table, unless the heaviest part he placed at the top or bottom. We have 
heard an eminent maker of these halls declare, that he would give two guineas for a 
ball that should be uniform throughout ; but that he had never been able to find one 
perfectly free from the above mentioned fault. 

Hence it happens, that when a player strikes the ball gently, he often imagine^ 
that he has stiuck it unskilfully, or played badly : while his wdnt of success is en- 
tirely the consequence of a fault in the ball. A good billiard player, before he 
engages to play for a large sum, ought carefully to try the ball, in order to discover 
the heaviest and lightest parts. This precaution was communicated to us by u first- 
rate player. 


PRonLi:®! iiT. 

How to construct a balance^ which shall appear just when not haded, as well as when 
loaded with unequal weights. 

We certainly do not here intend to teach people how to commit a fraud, which 
ought always to be condemned; but merely to shew that they should boon their 
guard against false balances, which often appear to be c\a(*t , and that in purchasing 
valuable articles, if they are not well acquainted with the vendor, it is necess.iry to 
examine the balance, and to subject it to trial. It is pos^^iblc indeed to make one, 
which when unloaded shall be in perfect equilibrium, but which shall ncveitheless be 
false. The method is as follows : 

Let A and u be the two scales of a balance, and let a be heavier than b: if the 
arms of the balance he made of unequal lengths, in the same ratio as the wciglits 
of the tw'o scales, and if the heavier scale a be suspended from the shorter arm, and 
the lighter scale b from the longer, these scales when empty will be in equilibrium. 
They will be in equilibrium also w'hen they contain weights w'hieh are to each other 
in the same ratio as the scale.s. A person therefore unacquainted with this artifice 
will imagine the weights to be equal ; and by these means may he imposed on. 

Thus, for example, if one of the scales weighs 15, and the otlfer i(>; and if the 
arms of the balance from which they arc suspended be, the one IG and tlie other 15 
inches in length ; the scales when empty will be in equilibrium, and they will re- 
main so when loaded with weights which are to each other in the ratio of 15 to 10, 
the heaviest being put into the heaviest scale. It will even be difficult to ob.serve 
this inequality in the arms of the balance. Every time therefore that goods arc 
weighed with such a balance, by putting the weight into the heavier scalp and the 
merchandise into the other, the purchaser would be cheated of a sixteenth [lart, or 
an ounce in every pound. 

But, this deception may be easily detected by transposing the weights ; for if they 
are not then in equilibrium, it is a proof that the balance is not just. 

And indeed in this way the true weight of any thing may be discovered, even by 
such a false balance, namely, by first weighing the thing in the one scale, and then in 
the other scale; for a mean proportional between the two weights will be the true 
quantity ; that is, multiply the numbers of these two weights together, and take the 
square root of the product. Thus, if the thing weigh 16 ounces in the one scale, 
and only 14 in the other : then the product of 16 multiplied by 14 is 224, the square 
root of which gives 14fJ for the true weight, or nearly 15 ounces. Or indeed the 
just weight is found neaily by barely adding the two numbers together, and dividing 
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the sum by 2. Thus 16 and 14 make 30, the half of which, or 15, is the true weight 
very nearly. 


PROBLEM IV. 

To find the centre of gravity of several weights. 

As the solution of various problems in mechanics depends on a knowledge of the 
nature and place of the centre of gravity, wc shall here explain the principles of its 
theory. 

The centre of gravity of a body is that point around which all its parts are balanced, 
ii) such a manner, that if it were suspended by that point, the body would remain at 
rest in every position in which it might be placed around that point. 

It may be readily seen that, in regular and homogeneous bodies, this point can be 
no other than the centre of magnitude of the Bgure. Thus, the centre of gravity 
in the globe and spheroid, is the centre of these bodies; in the cylinder it is in the 
middle of the axis. 

The centre of gravity between two weights, or bodies of different gravities, is 
found by dividing the distance between their points of suspension into two paits, 
which shall be inversely proportional to the weights; so that the shorter part shall 
be next to the heavier body, and the longer part towards the lighter. This is the 
principle of balances with unequal arms, by means of which any bodies of different 
weights may be weighed with the same w'cight, as in the steel-yard. 

When there aie several bodic.s, the centre of gravity of tw^o of them must be found 
by the above rule; these two aie then supposed to be united in that point, and the 
common centre of gravity between them and the third is to be found in the same man- 
ner, and so of the le^t. 

lict the Nveights a, n, and c, for example, be suspended from three points of the line 
or balance nr (Fig. l.)» which we shall suppose to ha^e no w^eight. Let the body 
A weigh 108 pounds; u 141, c 180 ; and let the dis- 
tance D rbe 11 inches, and e r, 9. 

First find the common centre of gravity of the 
bodies u and c, by dividing the distance e f, or 9 inches^ 
into two parts, which are to each other as 144 to 180, 
or as 4 to 5. These two parts will be 4 and 5 inches ; the greater of which must 
be placed towards the smaller weight ; the body b being here the smaller we shall 
have E G equal to 5 inches, and F g to 4 ; consequently d g will be 16. 

If w'c now suppose the two weights b and c, united into one in the point o, and 
consequently equal in that point to 324 pounds ; the distance d o, or 16 inches, must 
be divided in the ratio of 108 1o 324, or of 1 to 3. One of these parts will be 12 and the 
other 4 ; and as a is the less weight, n H must be made equal to 12 inches, and the 
point H will be the common centre of gravity of all the three bodies, as required. 

The result would have been the same, had the bodies a and b been first united. 

In short, the rule is the same whatever be the number of the bodies, and whatever 
be their position in the same straight line or in the same plane. 

This may suffice here in regard to the centre of gravity. But for many curious 
truths deduced from this consideration, recourse may be had to books which treat 
on mechanics. We shall however mention one beautiful piinciple in this science, 
deduced fiom it, which is as follows : 

If several bodies or weights he so disposed, that by communicating motion to each 
other, their common centre of gravity remains at rest, or does not deviate from the horu 
zontal line, that is to say neither rises nor falls, there will then he an equilibrium. 

The demonstration of this piinciple is almost evident from its enunciation ; and it 
may be employed to demonstrate all the properties of machines. But we shall leave 
the application of it to the reader. 


^6 
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i^emorA.— At this is the proper place, we shall here discharge a promise made at 
p. 183, viz. to resolve a geometrical problem, the solution of which, as we said, seems 
to be only deducible from the property of the centre of gravity. 

Let the proposed irregular polygon then be a b c d e (Fig. 2.), 
the sides of which are euch divided into two equal parts, in 
a, A, r, </, and e, from which results a new polygon a b cde a; 
let the sides of the latter be each divided also into two equal 
parts by the points h\ c\ d\ e', which when joined will give a 
third polygon a' h' & d! e* a! ; and so on. In w'hat point will this 
division terminate ? 



To solve this problem, if we suppose equal w’eights placed at a, 6, c, </, e, their 
common centre of gravity will be the point required. 

But, to find this centre of gravity, we must proceed in the following manner, 


Fig.d. 





wliich is exceedingly simple. First draw a b (Fig. 3.) and let the 
middle of it be the point/; then draw/ c, and divide it in in 
such a manner that / g shall be one third of it ; draw also g </, and 
let gh be the fourth of it; in the last place draw h e, and let h t be 
the fifth of it; the weight e being the last, the point t, as may 
be demonstrated from what has been before said, will be the 


centre of gravity of the five equal weights placed at a, b, c, cf, and 


e ; and will solve the proposed problem. 


PROBLEM V. 


When tiro persons carry a burthen, by means of a lever or pole, trhtck they support at 
the extremities i to find how much of the weight es borne by each person. 


Fig, 4 



It may be readily seen that, if the weight c were exactly in 
the middle of the lever aii (Fig. 4.), the two persons would 
each bear one half. But if the weight is not in the middle, it 
can be easily demonstrated, that the parts of the weight borne 
by tbe two persons, arc in tlie reciprocal ratio of their distance 


from the weight. Nothing then is necessary but to divide the weight according to 
this ratio ; and the greater portion will be that supported by the person nearest the 


weight, and tbe least that supported by the person farthest distant. The calculation * 


may be made by the following proportion : 


As the whole length of the lever ab, is to the length a r, so is the whole weight 
to the weight supported by the power or person at the other extremity n ; or as a b 
is to n !<:, so is the whole weight to the part supported by the power or person 
placed at a. 


If A n, for example, be 6 feet, the weight c 150 pounds, a e 4 feet, and b e 2 we 
shall have this proportion ; as C is to 4, so is 150 to a fourth term, which will be 100. 
The person placed at the extremity b, will therefore support 100 pounds, and conse- 
quently the one placed at a will have to support only 50. 

The solution of this problem affords the means of dividing a burthen 
or weight proportionally to the strength of the agents employed to raise it. Thus 
for example, if the one has only half the strength of the other, nothing is necessary 
but to place him at a distance from the weight double to that of the other. 


PROBLEM VI. 

How 4, 8 , 16, or 32 men may he distributed in such a manner as to carry a considerable 
burthen with ease. 

If the burthen can be carried by four men, after having made it fast to the 
middle of a large lever a b (Fig 5.), cause the extremities of this lever to rest on 
tW'o shorter ones c n and e r, and place a man at each of the points c, v, k, and f • 
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5. it is evident that the weight will then 

^ p >’ be equally distributed among these four 

«■///■■} persoiiB.- 

pursue the 

JP / /f / method with the levers c d and e f, 

®® '''®® employed in regard to the first ; 

0 jT ^ that is, let the extremities of c d be sup- 

ported by the two shorter ones ab and 
edi and those of ef by the levers ef and g h: if a man be then stationed at each 
of the points a, 6 , c, dt c,/, < 7 , /i, they will be all equally loaded. 

The extremities of the levers or poles a 6 , cd, c/, and gh, might, in like manner, 
be made to rest on others placed at right angles to them : by means of this artifice 
the weight would be equally distributed among sixteen men. And so of any other 
number. 

We have heard that this artifice is employed at Constantinople, to raise and carry 
the heaviest burthens, such as cannons, mortars, enormous stones, &c. The velocity, 
it is added, with which burthens are transported from one place to another, by this 
method, is truly astonishing. 


PROBLEM VII, 

A rope A c B {Fig, (S.), of a determinate ler^gth^ being made fast by both ends^ but not 
stretched to two points of unequal height^ a and u; what position will be assumed by 
the weight r, suspended from a pulley which rolls freely on that rope. 


Fig 0. 



From the points a and B, let fall the indefinite vertical lines 
Ai) and bg; then from the point a, with an opening of the 
eompas es equal to the length of the rope, describe an arc of a 
circle, intersecting the vertical line b g in e : and from the point 
B dc^'Cribe a similar arc of a circle, intersecting the vertical line 
A 1) in 1) : if the lines A e and n j) be then drawn, the point c, 
where they cut each other, will give the position of the rope 
A c B, when the weight has assumed that position in which it 
must rest ; and the point c will be that in wliieh the pulley 
will settle. For it may be easily demonstrated, that in this 
situation the weight p will be in the lowest position possible, 


which is an invariable principle of the centre of gravity. 


PROBLEM VIII. 

To cause a pail full of water to be supported by a sticky one half of which only^ or 
lesst rests on the edge of a table. 

To make the reader comprehend properly the method of performing this trick, in 
regard to equilibrium, we have given, in the annexed figure, a section of the table 
and the bucket. 

In this figure let a b be the top of the table, on 
Fig. 7 . ^ ^ ^ which is placed the slick c D, Convey the handle of 
the bucket over this stick, in such a njaiiiier that it 
may rest on it in an inclined position ; and let the 
middle of the bucket be within the edge of the table. 
That the whole apparatus may be fixed in this situ- 
ation, place another stick o f k, witli one of its ends 
resting against the corner g of the bucket, while the 
middle part rests against the edge f of the bucket, and its other extremity against 
the first sliick c d, in e, w'bere there ought to be a notch to retain it. By these 
means the bucket will remain fixed in that situation, without being able to incline to 
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either side ; and if not already full of water, it may be filled with safety ; for its 
centre of gravity being in the vertical line passing through the point h, which itself meets 
with the table, it is evident that the case is the same as if the pail were suspended 
from the point of the table where it is met by that vertical. It is also evident that 
the stick cannot slide along the table, nor move on its edge, without raising the 
centre of gravity of the bucket, and of the water it contains. The heavier therefore 
it is, the greater will be the stability. 

Remark, — According to this principle, various other tricks of the same kind, which 
are generally proposed in books on mechanics, may be performed. For example, 
provide a bent hook d g f, as seen at the opposite end of the same figure, and insert 
the part f I), in the pipe of a key at d, which must be placed on the edge of a table ; 
from the lower part of the hook suspend a weight g, and dispose the whole in such 
a manner that the vertical line gd may be a little within the edge of the table. 
When this arrangement has been made, the weight will not fall, and the case will be 
the same with the key, which had it been placed alone in that situation w’ould per- 
haps have fallen ; and this resolves the following mechanical problem, proposed in 
the form of a paradox : A. body having a tendency to fall by its own weighty how to 
prevent it from falling , by adding to it a weight on the same side on which it tends 
to fall. 

The weight indeed appears to be added on that side, but if» reality it is on the op- 
posite side. 


PllOBLEM IX, 


To hold a stick upright on the tip of the fnger, without Us being able to fall. 


Fig.B, 



Fig, 9. 



Affix two knives, or other bodies, to the extremity of the 
stick, in such a manner that one of them may incline to one 
side, and the second to the other, as seen in the figure 
(Fig, 8,) : if this extremity he placed on the tip of the finger, 
the stick will keep itself upright, without falling; and if it be 
made to incline, it will raise itself again, and recover its former 
situation. 

For this purpose, the centre of gravity of the two weights 
added, and of the stick, must be below the point of suspension, 
or the extremity of the stick, and not at the extremity, as as- 
serted by Ozanam ; for in that case there would be no stability. 

It is the same principle that keeps in an upright position 
those small figures furnished with two weights, to counter- 
balance them ; and which are made to turn and balance, while 
the point of the foot rests on a small hall, loosely placed on a 
sort of stand. Of this kind is the small figure d (Fig. 9.), 
supported on the stand i, by a ball e, through which passes a 
bent wire, having affixed to its extremities two balls of lead, c 
and F. The centre of gravity of the whole, which is at a con- 
siderable distance below the point of support, maintains the 
figure upright, and makes it resume its perpendicular position, 
after it has been inclined to either side ; for this centre tends 
to place itself as low as possible, which it cannot do without 
making the figure stand upright. 
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By the same mechanism, three knives may be disposed in 
such a manner as to turn on the point of a needle ; for being 
disposed as seen in the figure (Fig. 10.), and placed in cquilibrio 
on the point of a needle held in the hand, they cannot fall, be- 
cause their common centre of gravity is far below the point of 
the needle, which is above the point of support. 

PROBLEM X. 

To construct a figure^ which, without any counterpoise, shall always raise itself upright 
and keep in that position, or regain it, however it may he disturbed. 

Make a figure resembling a man, of any substance exceedingly light, such as the pith 
of the elder tree, which is soft and can be easily cut into any form at 
Fig, 11. pleasure. Then provide for it an hemispherical base of some very 
I heavy substance, such as lead. The half of a leaden bullet, made 

A very smooth on the convex part, will be proper for this purpose. 

If the figure be cemented to the plane part of this hemisphere ; then, 
in whatever position it may be placed, as soon as it is left to itself, it 
upright (Fig. 11.); because the centre of gravity of its he- 
/ A 1 mispherical base being in the axis, tends to approach the horizontal 

\ I plane as much as possible, and this can never be the case till the axis 

^ becomes perpendicular to the horizon ; for the small figure abovcj 

scarcely deranges it from its place, on account of the disproportion 
between its weight and that of its base. 

In this manner were consti ucted those small figures called Prussians, sold at Paris 
some years ago. They were formed into battalions, and being made to fall down by 
drawing a rod over them, they immediately started up again as soon as it was 
removed. 

Screens of the same form have been since invented, which always rise up of them- 
selves, when they happen to be pressed dow’n. 

PROBLEM XI. 

If a rope acd, to the extremities of which are affixed the given weights p and Q, be 
made to pass over two pulleys a and B ; and f a weight b be suspended from the 
point c, by the cord K c ; what position will be assumed by the three weights and the 
rope ACL? {Fig, 12.) 

In tbe line a b, perpendicular to the horizon, as- 
sume any part a c, and on that part as a base, de- 
scribe the triangle adc, in such a manner, that a c 
shall be to cd, as tbe weight k to tbe weight p; 
and that a c shall be to a d, as r to q ; then through 
A, draw the indefinite line a c, parallel to c d ; and 
through B, draw bc, parallel toad: the point c, 
where these two lines intersect each other, will be 
the point required, and will give the position A c b of the rope. 

For, if in R c continued we assume c d, equal to a c, and describe the parallelogram 
E D F c ; it is evident that wo shall have c f and c e equal to c d and ad; and 
therefore the three lines e c, c D, and c f will be ns the weights p, R,and Q ; consequently 
the two forces acting from c to f, and from c to e, or in the direction of the 
lines c a and c b, will be inequilibrio with the force which acts from c towards r. 

Femarks, 1st. If the ratio of the weights were siichj that the point of intersection 

(’ should fall on the line a n, or above it, the problem in this case would be impossible. 


Fig, 12. 
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The weight q, or the weight p, would overcome the other two in such a manner, that 
the point c would fall in b or a ; so that the rope would form no angle. 

These weights also might be such that it would he impossible to construct the tri- 
angle a c </, as if one of them were equal to or greater than the other two taken to- 
gether; for, to make a triangle of three lines, each of them must be less than the other 
two. In that case the weight equal or superior to the other two would overcome 
them both, so that no equilibrium could fake place. 

2d. If instead of a knot at c, we should suppose the weight r suspended from a 
pulley capable of rolling on the rope a o b, the solution would be still the same ; for 
it is evident that, things being in the same state as in the first case, if a pulley 
were substituted for the knot c, the equilibrium would not ])e destroyed. But there 
would be one limitation more than in the preceding case. It would be necessary that 
the point ofinteracction, c, determined as above, should fall below the horizontal line, 
drawn through the point B ; otherwise the pulley would roll to the point b, as if on an 
inclined plane. 


PROBT.EM XII. 

Calculation of the time which Archimedes would have required to move the earthy with 
the machine of which he spoke to Iliero. 

The expression which Archimedes made use of to Hiero, king of Sicily, is well 
known, and particularly to mathematicians. “Give me a fixed point,” said the philo- 
sopher, “ and 1 will move the earth from its place.*’ This affords matter for a very 
curious calculation, viz. to deternune how much time Archimedes would have required 
to move the earth only one inch, supposing his machine constructed and matlicniati- 
cally perfect ; that is to say, without friction, without gravity, and in complete 
equilibrium. 

For this purpose, we shall suppose the matter of which the earth is composed 
to weigh 300 pounds the cubic foot; being the mean weight nearly of stones mixed 
with metallic substances, such in all probability as tbor>e contained in the bowels 
of the earth. If Ihc diameter of the earth be 7030 miles, the whole globe will 
be found to contain 261 107411705 cubic miles, which make 1423409120882544040000 
cubic yards, or 38434470263828705280000 cubic feet ; and allowing 300 pounds to 
each cubic foot, we shall have IJ 530342870 1486 11 584000000 for the weight of the 
earth in pounds. 

Now, we know by the laws of mechanics that, whatever be the construction of a 
machine, the space passed over by the weight, is to that passed over by the moving 
power, in the reciprocal ratio of the latter to the former, is known also, that a 
man can act with an effort equal only to about 30 pounds for eight or ten hours, 
without intermission, and with a velocity of about 10000 feet per hour. If we sup- 
pose the machine of Archimedes then to be put in motion by means of a crank, and 
that the force continually applied to it is equal to 30 pounds, then with the velocity 
of 10000 feet per hour to raise the earth one inch, the moving power must pass over 
the space of 384344762638287052800000 inches ; and if this space be divided by 10000 
feet, or 120000 inches, we shall have for quotient 3202873021085725440, which will 
be the number of hours required for this motion. But as a year contains 8766 hours, 
a century will contain 876600 ; and if we divide the above number of hours by the 
latter, the quotient, 3653745176803, will be the number of centuries during which it 
would be necessary to make the crank of the machine continually turn, in order to 
move the earth only one inch. Wc have omitted the fraction of a century, as being of 
little consequence in a calculation of this kind.* 

* The macliinr is heie supposed tp be constaiiily in action : but if it should be worked only 8 
bouiH each day, the time requited would be three tunes as long. 
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PllOBLEM Xra. 

With a very small quantity of water ^ such as a few pounds^ produce the effect of 
several thousands. (Fig. 18.) 

Place a cask on one of its endS} and make a hole in the other end, capable of admit- 
ting a tube, an inch in diameter and from 12 to 15 feet in length ; which must be fitted 
Fia. 18. closely into the aperture by means of pitch or tow. Then load the upper 
end of the cask with several weights, so that it shall be sensibly bent 
downwards ; and having filled the cask with water, continue to pour some 
in through the tube. The effort of this small cylinder of water will be so 
great, that not only the weights which pressed the upper end of the cask 
downwards will be raised up, but very often the end itself will be bent up- 
wards, and form an arch in a contrary direction. 

Care however must be taken that the lower end of the cask rest on the 
ground ; otherwise the fir.st effort of the water would be directed down- 
wards, and the experiment might seem to fail. 

By employing a longci tube, the upper end of the cask might certainly 
be made to burist. 

The reason of this phenomenon may be easily deduced from a property pe- 
culiar to fluids, of which it is an ocular demonstration, viz. that when they press upon 
a base they exercise on it an effort proportioned to the breadth of that base multiplied 
by the height. Thus, though the tube used in this experiment contains only about 
150 or 180 eylindric inches of water, the effort is the same as if the tube were equal 
in breadth to the cask, and at the same time 12 or 15 feet in height. 



Another Method. (Fig. 14.) 

Suspend from a hook, well fixed in a wall, or any other firm support, a body weigh- 
ing 100 pounds or more ; then provide a vessel of such dimensions, that between that 
body and its sides, there shall be room for only one 
Fig. 14, pound of water; and let the vessel be suspended to 

one of the arms of a balance, the other arm of which 
I has suspended from it a scale, containing a weight of 

l| 100 pounds. Pour a pound of water into the vessel 

^ suspended from the one arm of the balance, and it will 

^ /l\ raise the scale containing the 100 pounds. 

I / 1\ Those who have properly comprehended the pre- 

I IH jillV explanation, will find no difficulty in conceiv- 

I 1 — y ing the cause and necessity of this effect ; for they 

I are both the same, with this difference only, that the 

■ water, instead of being collected in a eylindric tube, 

is ill the narrow interval between the body l and the 
vessel which surrounds it : but this water exercises on the bottom of the vessel the 
same pressure that it would experience if entirely full of water. 


Another Method. 


Provide a cubic fool of very dry oak, weighing about 60 pounds, and a cubical ves- 
sel about a line or two larger every way. If the cubic foot of wood be put into the 
vessel, and water be poured into it, when the latter has risen to nearly two thirds of 
its height, the cube will be detached from the bottom, and float. Thus we sec a 
weight of about 60 pounds overcome by half-a-pound of water and even less. 

Remark — Hence it appears that the vulgar arc in an error, when they imagine a 
body floats more readily in a large quantity of water than in a small one. It will 
always float, provided there be a sufficiency to prevent it from touching thebottom- 
If vessels are lost at the mouths of rivers, it is not because the water is too shallow. 
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but because the vessels are loaded so much, as to be almost ready to sink, even in salt 
water. But as the water of the sea is nearly a thirtieth part heavier than fresh water, 
when a ship passes from the one into the other, it must sink more and go to the bottom. 
Thus an egg, which sinks in fresh water, will float in water which holds in solution a 
great deal of salt. 

The principle of the foregoing experiments is what has been called the Hydrostatic 
paradox^ and it is on the same principle Hydrostatic press is constructed. 

With this press, it has been justly observed, that “a prodigious force is obtained 
with the greatest ease and in a very small compass; so that with a machine of the 
size of a teapot standing on the table before him, a man shall cut through a thick bar 
of iron ns easily as he could clip a piece of pasteboard with a pair of scissars.” 

The following is a description of Brahma’s press, as commonly constructed, a 
(Fig. 15 ) is a strong metal cylinder bored perfectly smooth and cylindrical, and into 
it is fitted the piston u, made peifectly water-tight, by packing it in the usual way. 

In the bottom of the cylinder is inserted the end of the 
tube c, the aperture of which communicates with the 
inside of the cylinder under the piston n, where it is shut 
by a small valve, as in the suction pipe of a common 
pump. The other end of the tube c communicates with 
the small forcing pump k, worked by the lever ii. Now, 
suppose the diameter of the cylinder a to be 12 inches, 
and that of the smaller pump e and the tube c only a 
quarter of an inch, the proportion between the covers ol 
the ends of the pistons will be as 1 to 2301, ~und sup- 
posing the intermediate span between them to be filled 
vith water, the force of one piston will act on the 
other in that proportion. Suppose the small piston to be 
f )iced down in the act of injecting water with a force of 
20 cwt. — which may easily be done by the lever h — the 
piston L would be fuiced upwards with a force 2304 times 
as great. Hence, with this machine, by the aid of a simple level , a weight of 2304 tons 
may be raised through any given space better than by any other apparatus constructed 
on the known principles of mechanics. It may be observed, too, that the effect of all 
other mechanical combinations is counteracted by an accumulated complication of 
parts w'liicb limits the intent to which they can be usefully carried,— but in machines 
depending on the principle under consideration, the power may be extended ad libitum 
either by increasing the proportion between the diametefs of e and a, or applying 
greater power to the lever H. 

Fig. 16. is a section shewing how, by means of fluids, the power and motion of one 
machine may be communicated to another, let their distance and relative situations be 
what they may. a and Bare two small smooth cylindrical 
tubes, inside of each being a portion made air-tight and 
water-tight, c c is a tube conveyed underground or 
otherwise, from the one cylinder to that of the other, — 
and this tube is tilled with water till it touch the bot- 
tom of both pistons. Then by depressing the piston a, 
the piston n will be raised, and vice versa. Thus bells 
may be rung, wheels turned, or other machinery put 
motion, by invisible agency. 

Fig. 17* is a section shewing another instance of action and force communicated fi om 
one machine to another, — and bow water may be raised from wells of any depth, and * 
a any distance from the place where the power is applied, a is a cylinder of any re- 
quired dimensions, in which is the working piston b of the Brahma press, described 
above. Into the bottom of this cylinder is inserted the tube c, which maj be of less 
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dimensioiife than the cylinder a. This tube is conveyed 
in any direction down to the pump cylinder d in the 
deep well e e, and forms a junction with d above the pis- 
ton F, which piston has a rod g working through a stutF- 
ing box. To this rod o a weight h is connected over a 
pulley or otherwise, sufficient to overbalance the weight 
of the water in the tube c, and to raise the piston f when 
the piston b is lifted. Suppose, now, the pistoi^B is 
drawn up by its rod, there will be a vacuum made in d 
below the piston f, which vacuum will be filled with 
water, through the suction pipe, by the pressure of the 
atmosphere. 

The piston b, being pressed downwards in the cylinder 
A, will make a stroke in the pump cylinder d, which may 
be repeated in the usual way by the motion of the pis- 
ton B and the action of the water in the tube c. The 
small tube and (‘ock in the cistern i arc for the purpo'^e of charging the tube c. 

By tin se means a commodious machine of prodigious power and of the greatest 
strength may readily be formed : all that is required is accurate execution, which in 
the present state of the mechanical arts is quite attainable. 

PROBLEM XIV. 

To find the weight of a cubic foot of water » 

To know the weight of a cubic foot of water is one of the most essential elements 
of hydrostatics and hydraulics; and for that reason we shall here show how it may 
be accurately determined. 

Provide a vessel, capable of containing exactly a cubic foot, and having first 
weighed it empty, weigh it again when filled with water. But as liquids always rise 
considerably above the edges of the vessel that contains them, the result in this case 
will not be very coricct. There are means indeed to remedy this defect; but we 
are furnished with a very accurate method of doing it by hydrostatics. 

Provide a cube of some very homogeneous matter, such as metal, each side of 
which is exactly four inches ; weigh it by a good balance, in order to ascertain its 
weight within a few grains ; then suspend it by a hair, or strong bilk thread, from one 
of the scales of the same balance, and again find its weight when immersed in W’ater. 
We are taught by hydrostatics that it will lose exactly as much in weight as the 
weight of an equal volume of water. The difference of Uiese two weights therefore 
will be the weight of a cube of water, each side of which is tour inches, or of the 
twenty-seventh part of a cubic foot. 

If very great precision is not required, provide a cube or rectangular parallelopipe- 
don, of any homogeneous matter, lighter than water — such, for example, as wood; 
and having weighed it as accurately as possible, immerse it gently in water, in such a 
manner that the water may not wet it above that point at which it ought to float 
above the liquid. We shall here suppose that i m d (Fig. 18.) 
is the line, which exactly marks how much of it is immersed. 
Find the content of the solid a b c n m i, by multiplying its base 
by the height; the product will be the volume of water dis- 
placed by the body ; and this volume, according to the principles 
of hydrostatics, must weigh as much as the body itself. If this 
volume of water be 720 cubic inches, for example, and if the weight of theJ)ody be 
26*0410 pounds, we consequently know that 720 cubic inches of water weigh 26*0416 
pounds. Hence it will be easy to determine the weight of a cubic foot, which con- 
tains 1728 cubic inches. Nothing is necessary but to make this proportion : as 720 
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cubic indws we to 1728, so are 26‘0416 pounds to a fourth term, which will be 62‘5 
pounds, or 62 pounds and a half ; which therefore is the weight of a cubic foot of 
water. 

PROBLEM XV. 

Two liquors being given ; to determine which of them is the lightest, 

Pig, 19. This problem is generally solved by means of a well known instru- 
ment called the areometer or hydrometer. This iiiatniment is nothing 
else than a small hollow ball, joined to a tube 4 or 5 inches in length 
(Fig. 19.) ; a few grains of shot, or a little mercury, being put into the 
ball, the whole ih so combined, that in water of mean gravity, the small 
ball and part of the tube are immersed. 

It may now be easily conceived that when the instrument is put into 
any fluid, for example river w'ater, care must be taken to observe how 
far it sinks into it ; if it be then placed in another kind of water, siu‘h 
as sea water, for instance, it will sink less; and if immersed in any 
liquor lighter than the first, such as oil for example, it will sink farther. 
Thus it can be easily determined, without a balance, which of two 
liquors is the Iicavier or lighter. This instrument has commonly on the 
tube a graduated scale, in order to shew how fiir it sinks in the liuid. 

But tJiib instrument is far inferior to that presented, in iTdO, by M. 
de Parcieux, to the Aeademy of Sciences, and yet nothing is simpler. 
This instruiiiciit consists of a small glass bottle, two indies, or two inches and a 
half at most, in diameter, and from six to eight inches in length. The bottom must 
not be bent inwards, lest air should be lodged in the cavity when it is immersed in 
any liquid. The mouth is closed with a very tight cork stopper, into which is fixed, 
without passing'^through it, a very straight fron wire, 25 or 30 inches in length, and 
about a line in diameter. The bottle is then loaded in such a manner, by introducing 
into it grains of small shot, that tlie instrument, when immersed in the lightest of 
the liquors to be compared, sinks so as to leave only the end of the iron wiic above 
its surface, and that in the heaviest the wire is immersed some inches. This may be 
properly regulated by augmenting or diminishing either the weight with winch the 
bottle is loaded, or the diameter of the wire, or both these at the same time. The 
instrument, when thus constructed, will exhibit, in a very sensible manner, the least 
difference in the specific gravities of diflferent liquors, or the changes w'bich the same 
liquor may experience, in this respect, under different circumstance.s ; as by the effect 
of heat, or by the mixture of various salts, &c. 

It may be readily conceived, that to perform experiments of this kind, it will be 
necessary to have a vessel of a sufficient depth, such as a cylinder of tin-plate, 3 or 
4 inches in diameter, and 3 or 4 feet in length. 

We have seen an instrument of this kind, the movement of which was so sensible, 
that when immersed in water, cooled to the usual temperhture, it sank several inches, 
while the rays of the sun fell upon the WMter; and immediately rose on the rays of 
that luminary being intercepted. A very small quantity of salt or sugar, thrown into 
the water, made it also rise some inches. 

By means of this instrument, M. de Parcieux examined the gravity of different 
kinds of the most celebrated waters ; among which was that drank at Paris ; and he 
found that the lightest of all was distilled water. The next in succession, according 
to their lightness, were as in the following order ; viz,, the w^atcr of the Seine, that 
of the Loire, that of the Yvette, that of Arcueil, that of Sointe-Reinc, that of 
Ville d’Avray, the Bristol water, and well water. 

We hence see the ci ror of the vulgar, who imagine that the water of Ville d’Arvey, 
that of Sainte-lleine, and that of Bristol, partiriilarly the last brought to France, at 
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BO great expense, are better than common river water ; for they are, on the contrary, 
worse, since they are heavier. 

If different kinds of water differ in their gravity, the case is the same with wines 
also. The lightest of all the known wines, at least in France, is the Rhenish. The 
next in succession are Burgundy, red Champagne, the wines of Bourdeaux, Langue- 
doc, Spain, the Canaries, Cyprus, &c. 

The lightest of all the known liquors is ether. The others, which follow in the- 
order of gravity, are; alcohol, oil of turpentine, distilled water, rain water, river 
water, spring water, well water, mineral waters. Among the tables, annexed to 
this part of the work, the reader will find one containing the specific gravity of 
various liquors, compared with that of rain water; which, being the easiest procured, 
may serve as a common standard, and also the specific gravity of the different solid 
bodies, whether belonging to the mineral, vegetable, or animal kingdom ; which will 
doubtless be found very useful, as it is often necessary to have recourse to tables of 
this kind. 

As the following rules for calculating the absolute gravity, in English troy weight, 
of a cubic foot and inch, English measure, of any substance whose specific gravity 
is known, may he of use to the reader, the translator has thought proper to subjoin 
them to this article of the original. 

In 1G96, l\Ir. Everard, balaiice-inakcr to the Exchequer, weighed before the com- 
missioners of the House of Commons, 2145’6 cubicnl inches, by the Exchequer 
standard foot, of distilled water, at the temperature of 55° of Fuhienheit, and found 
that it weighed 1131 oz. 14 drs. troy, of the Exchequer standard. The beam 
turned with 0 grains, when loaded with tSO pounds in each scale. Hence, supposing 
the pound averdupois to weigh 7000 grs. troy, a cubic foot of water weighs C2J 
pounds averdupois, or 1000 ounces averdupois, wanting lOG grs. troy. If the spe- 
cific gravity of Water therefore he called 1000, the proportion of specific 
gravities of all other bodies will express nearly the number of averdupois ounces 
in a cubic foot. Or, more accurately, supposing the specific gravity of water ex- 
pressed by 1 , and that of all other bodies in proportional numbers, as the cubic foot 
of water weighs, at the above temperature, exactly 437489*4 grains troy, and the 
cubic inch of water 253*175 grains, the absolute weight of a cubical foot or inch of 
any body, in troy grains, may be found by multiplying its specific gravity by either 
of the above numbers respectively. 

By Everard’s experiment, and the proportions of the English and French foot, as 
established by the Royal Society and French Academy of Sciences, the following 


numbers have been ascertained : 

Paris grains, in a Paris cube foot of water 645511 

English grains, in a Paris cube foot of water , , , , 529922 

Paris grains, in an English cube foot of water 533247 

English grains, in an English cube foot of water 437489 4 

English grains in an English cube inch of w'atcr 253*175 

By an experiment of Picard, with the measure and weight of the Cha- 
telet, the Paris cube foot of water contains of Paris grains . . . . G4J326 

By one of Du Hamel, made with great care 641376 

By Homberg 641666 


These results shew some uncertainty in measure or in weights ; but the above 
computation from Everard’s experiment may be relied on ; because the comparison 
of the English foot with that of France, was made by the joint labour of the Royal 
Society of London, and the French Academy of Sciences. It agrees likewise, very 
nearly, with the weight assigned by Lavoisier, v^liich is 70 Paris pounds to the cubic^ 
foot of water. 
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PROBLEM XVI. 

To determine whether a masa of gold or eilver, tuspected to be mixed^ is pure or not‘ 

If the mass or piece, the fineness of which is doubtful, be silver for example, pro- 
vide another mass of good silver equally heavy ; so that the two pieces, when put into 
the scales of a very accurate balance, may remain in equilibrio in the air. Then 
suspend these two masses of silver from the scales of the balance, by two threads 
or two horse-hairs, to prevent the scales from being wetted when the two masses are 
immersed in the water : if the masses are of equal fineness, they will remain in 
equilibrio in the water, as they did when in the air ; but if the proposed mass weighs 
less in water, it is adulterated ; that is to say, is mixed with some other metal, of 
less specific gravity than that of silver, such as copper for example , and if it weighs 
more, it is mixed with some metal of greater specific gravity, such as lead. 

Hemarks.—l. This problem is evidently the same as that whose solution gave so 
much pleasure to Archinicdc^. Iliero, king of Syracuse, had delivered to a gold- 
smith a certain quantity of gold, for the purpose of making a crown. When the 
crown was finished, the king entertained some suspicion in regard to the fidelity of 
the goldsmith, and Aichimcdes was coiisiilted respecting the best means of detecting 
the fraud, in case one had been committed. The philosopher, having employed the 
above process, discovered that the gold, of which the crown consisted, was not pure. 

If a large mass of inctal were to be examined, as in the egse of Archimedes, it 
would be sufficient to immerse the mass of gold or silver, known to be pure, in a 
vessel of water, and then the suspected mass. If the latter expelled more water 
from the vessel it would be a proof of the metal being adulterated by another lighter, 
and of less value. 

But notwithstanding what Ozanam says, the difference between the weight in air 
and that in w’ater will indicate the mi.xture with more certainty ; for every body 
knows that it is not so easy, as it may at first appear, to measure the quantity of 
water expelled from any vessel. 

2. According to raathoiiiatical rigour, the two ma'sses ought fii st to be w’eighed 
in vacuo ; for since air i> a fluid, it lessens the real gravity of bodies by a quantity 
equal to the weight of a similar volume of itself. Sinec the two masses then, the 
one pure and the other adulterated, arc unequal in volume, th#>y ought to lose un- 
equal quantities of theii weight in the air. But the great tenuity of air, in regard 
to that of water, renders this small error insensible, 

PRODLI’M XVII. 

The same supposition made ; to determine the quantity of mixture in the gold. 

The ingctiious artifice employed by Archimedes, is contained in the solution of this 
problem, and is as follows. 

Suspecting that the goldsmith had substituted silver or copper for an equal quan- 
tity of gold, he weighed the ciovim in water, and found that it lost a weight, which 
wc shall call a : he then weighed in the same fluid a mass of pure gold, which in air 
was in equilibrio with the crown, and found that it lost a weight, which we shall call 
b; he next took a mass of silver, whirh in air was equal in weight to the crown, and 
weighing it in water, found that it lost a quantity c. He then employed this propor- 
tion : as the difference of the vveiglits b and c, is to that of the weights a and b, so 
is the whole weight of the crown to that of the silver mixed in it. The answer, in 
this case, may be obtained by a very short algebraical calculation, though the reason- 
ing is rather too prolix ; we shall however explain it after having illustrated this rule 
by an example. 

Let us suppose that Ilicro’s crown weighed 20 pounds in the air, and that when 
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weight which the crown loses in water approacheft nearer to A, and eins twrso* Tide 
mass of 20 pounds then must be divided into two parts, in the ratio of the iaShwing 
differences: viz. the difference between the loss which the crown experiiiMXW and 
that experienced by the pure gold ; and the difference between the kwa expeiienoed 
by the crown and that experienced by the pure silver; these will be the proporliona 
of the gold and silver mixed together in the crown ; and from this reasoning is deduced 
the preceding rule. 

We must here observe, that it is not necessary to take two masses, one of gold and 
another of silver, each equal in weight to the crown. It will be sufficient to ascer« 
tain that gold loses a nineteenth of its weight, when weighed in water ; and silver 
one eleventh, and perhaps this was really the method employed by Archimedes. 


PROBLEM XTItl 

Suppose there are two boxes exactly of the same size, similar and of equal weight, the 
one containing gold and the other silver : is tt possible, by any mathematical means, 
to determine which contains the gold, and which the stiver f Or, if we suppose 
two halls the one made of gold and hollow, the other of solid siher gilt, is it pos^ 
sible to distinguish the gold from the silver f 

In the til st case', if the masses of gold and silver are each placed exactly in the middle 
of the box which contains it, so that their centres of giavity coincide, whatever may 
be said in the old books on Mathematical Recreations, we will assert that tbeie are no 
means of distinguishing them, or at least that the methods proposed are defective. 

The case is the same in regard to the two similar globes of equal size and weight. 
If we were however under the necessity of making a choice, we would endeavour 
to distinguish the one from the other in the following manner. 

We would suspend both balls by as delicate a thread as possible to the arms of a 
very accurate balance, such as those which, when loaded with a considerable weight, 
are sensibly affected by the difference of a grain. We would then immerse the 
two balls in a large vessel filled with water, heated to the degree of ebullition, and 
that which should preponderate we would consider as gold For, according to the 
experiments made on the dilatation of metals, the silver, passing from a mean tem> 
perature, to that of boiling water, would probably increase more in volume than the 
gold ; in that case the two masses, which in air and temperate watei were in equilibriq, 
would not be so in boiling water. 

Or, we might make a round hole in a plate of copper, of such a size, that both 
balls should pMs exactly through it with ease ; we might then biing them to a strong 
degree of heat, superior even to that of boiling water. Now, if we admit that silver 
expands more than gold, as above supposed, we might apply each of them to the bole 
in question, and the one which experienced the greater difficulty in passing, ought to 
f>e accounted silver. 
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PROBLEM XIX. 

.2Vo inclined planet A b and A D being given, and two unequal tpheret p and p ; to 
bring them to an equilihrinm in the angle, as seen in the figure, (Fig. 20.) 

The globes p and p , will be in equilibrio, if the powers with which they repel each 
other, in the direction of the line c c, which joins their centres, are equal. 

But the force with which the globe p tends to descend 
along the inclined plane b a, which is known, theinclina* 
tion of the plane being given, is to the force with which 
it acts in the direction c c, as radius is to the cosine of 
the angle c c f; and in like manner, the force with 
B which the weight p descends along d a, is to that w*th 
which it tends to move in the direction c c, ns radius is 

to the cosine of the angle c c /: hence it follows, that 

^ as these second forces must be equal, the cosine of 

the angle e niust have the same ratio to the cosine of the angle c, as the force with 
which the globe p tends to roll along b a, has to that with which p tends to roll along 
D A. 7’he ratio of these cosines therefore is known; and as in the triangle c« c the 
angle c is known, since it is equal to the angle d a b, it thence follows that its sup- 
plement, or the sum of the two angles c and c, is also known ; and hence the problem 
is reduced to this, viz. to dividing a known angle into two such parts, that their cosines 
shall be in a given ratio; which is a problem purely geometrical. 

But, that we may confine ourselves to the simplest case, we shall suppose the angle 
A to be a right-angle. Nothing then will be necessary but to divide the quadrant 
into two arcs, the cosines of which shall be in the given ratio, which may be done 
with great ease. 

Let the force then with which p tends to move along its inclined plane be equal to 
M ; and that of p to roll along its plane equal to m. Draw a line parallel to the plane 
A B, at a distance fiom it equal to the radius of the globe p, and another paiallel to 
the plane d a, at a distance from it equal to the radius of p, which will intersect 
each other in c. ; having then made a l to g I, as m to m, employ the following pro- 
portion ; as L / is to L c, so is the sum of the radii of the two globes to o c ; and 
from the point c, draw c c parallel to l / ; the points c and c \\ ill be the places of 
the centres of the two globes, and in this situation alone they will be in equilibiio. 


PROBLEM XX. 

Two bodies, v and q, depart at the same time from two points a and b, of two lines 
given in position, and move towards a and b, with given velocities : required their 
position when they are the nearest to each other possible 9 (Fig. 21.) 

If their velocities were to each other in the ratio of th e lines b d and a d, it is 
evident that the two bodies would meet in d. But sup posing tbeir velocities different 
from that, there will be a certain point where, with- 
out meeting, they will be at the least distance from 
each other possible ; and after that they will conti- 
nually recede from each other. Here, for example, 
the lines b d and a d are nearly equal. If we sup- 
pose then that the velocity of p is to that of q, in 
the ratio of 2 to 1, required the point of the nearest 
approach. 

Through any point r, in a d, draw the line r a 
parallel to b d, and in such a manner, that a r shall 
be to a 8, as the velocity of p is to that of q ; that is to say, in the present case, at 
2 to 1 ; produce indefinitely the line a a T, and from the point b draw b c perpendi- 
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cular to A T ; through the point c draw c a parallel to B D, till it meet a d in e ; and 
having drawn e f parallel to c b, meeting b d in f, the points f and b will be those 
required. 


PROBLEM XXI. 

To cause a cylinder to support itself on a planer inclined to the horizout without roll- 
ing down and even to ascend a little along that plane, (Fig. 22.) 

If a cylinder be homogeneous, and placed on an inclined plane, its axis being in a 
horizontal situation, it is evident that it will roll down; because its centre of gravity 
being the same as that of the figure, the vertical line, drawn from this centre, will 
always fall beyond the point of contact of the lowest side ; consequently the body 
must of necessity roll down towards that side. 

But, if the cylinder be heterogeneous, so that its centre of gravity is not that of the 
figure, it may support itself on an inclined plane, provided the angle which the plane 
makes with the horizon docs not exceed certain limits. 

Let there be a cylinder, for example, of which h f d is a section perpendicular to 
the axis. To remove its centre of gravity from the centre of the figure, make a groove 
in it parallel to its axis, of a semi-circular form, and 
fill it with some substance F much heavier, so that 
the centre of gravity of the cylinder shall be removed 
fiom c to E. Let the inclined plane be a b, and let 

B G bo to G A in a less ratio than c to c £. The 

cylinder may then support itself on the inclined 
plane, without rolling down ; and if it be moved from that position, in a certain 

direction, it will even resume it by lolling a little towards the summit of the plane. 

For, let us suppose the cylinder placed on the inclined plane with its axis horizontal, 
and its centre of gravity in a line parallel to the plane, and passing through the centre, 
centre of gravity shall be towards the upper part of the 
plane (Fig. 23.) Through the point of contact, d, di aw 
c 1) H pcrpendiculai to the inclined plane, and i d e per- 
pendicular to the horizon. We shall then have b g to 
G A, or B I to I D, as D 1 to I H, or as d ctoce; and since 
the ratio of b g to g a is less than that of c f or c d to 
c E, it follows that r e is less than c e, consequenly the 
vertical line drawn from the point f. will fall without the point of contact towards a ; 
the body therefore will have a tendency to fall on that side, and will roll towards it, 
ascending a very little till its centre of gravity r has assumed a position as seen Fig. 
22, where it coincides with the vertical line passing through the point of contact. 
When the cylinder arrives at this situation, it will maintain itself in it, provided 
neither its surface nor that ol the plane be so smooth as to admit of its sliding parallel 
to itself. In this situation it will even have greater stability, according as the ratio of 
B o to G A is less than that of c f or c d to c e, or as the angle a b o or c d e is less 
than c D £. 

This is also a truth which we must demonstrate. For this purpose, it is to be 
remarked that e, the centre of gravity of the cylinder, in rolling along the inclined 

plane, describes a curve, such is seen in 
Fig. 24. ; this is what geometricians call an 
elongated cycloid, which rises and descends 
alteinately below the line drawn parallel to 
the inclined plane, through the centre of 
the cylinder. But the cylinder being in 
the position represented in Fig. 24, if the 
line E D be drawn from the centre of gravity to the point of contact, it may be 

p 2 
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demonstrated that the tangent to the point e of that curve is perpendicular to o ■ : 
if the inclination of the plane therefore is less than the angle c d e, that tangent will 
meet the horizontal line towards the ascending side of the plane ; and the centre of 
gravity of the cylinder will then be as on an inclined plane i k ; consequently it 
must descend to the point l of the hollow of the curve, which it describes, where 
that curve is touched by the horizontal line. 

When it reaches this point it cannot deviate from it, without ascending on the one 
side or the other: if it be then removed a little from this point, it will return to 
its former position. , 

PROBLEM xxir. 

To construct a clock which shall point out the hours, by rolling down an inclined plane. 

This small machine, invented by an Englishman named Wheeler, is exceedingly 
ingenious, and is founded on the principle contained in the solution of the preceding 
problem. 

piy^ 25. If consists of a cylindrical box, made 

ot brass, four or five inches in diameter, 
and having on one side a dial plate, di- 
vided into 12 or 24 hours. In the inside, 
represented by Fig. 25, is a central wheel, 
which hy means of a j)inion moves a se- 
cond wheel, and the latter moves a third, 
&c., while a scapement, furnished with a 
balance or spiial spring, acts the part of 
a moderator, as in common watches. To 
the central wheel is affixed a weight p, 
which must he sufficient, with a moderate 
inclination, as 20 or 30 degrees, to move that wlieel, and those which receive 
motion from it. But, as the machine oiigdit to be perfectly in cquilibrio around its 
central axis, a counteracting weight, of such a nature that the machine shall be 
absolutely indifferent to every position around this axis, must be placed diametrically 
opposite to the small system of wheels 2, 3, 4, &c. When this condition has been 
obtained, the moving weight p must be applied ; the effect of which w'ill be to make 
the central wheel, 1, revolve, and by its means the clock movement 2, 3, 4, &c. ; but, 
at the same time that this motion takes place, the cylinder will roil down the plane 
a little, which will bring the weight p to its primitive position, so that the effect of 
this continual pressure will make the cylinder roll while the weight p changes its 
place relatively, in regard to the cylinder, but not in regard to the vertical line. The 
weight p, or the inclination of the plane, must be regulated in such a manner, that 
the machine shall perform a whole revolution in twenty-four or twelve hours The 
handle must be affixed to the common axis of the central wheel and weight p ; so 
that it shall always look towards the zenith or the nadir. If more ornaments are 
required, the axis may support a small globe with a figure placed on it, to point out 
the hours with its finger raised in a vertical position. It may be readily conceived, 
that when the machine has got to the lowest part of the inclined plane, to make it 
continue going, nothing will he necessary but to cause it to ascend to the highest. If 
it goes rather too slow, its movement tnay be accelerated hy raising up the inclined 
plane, and nice versa. 

PROBLEM xxm. 

To construct a dress, hy means of which it will he impossible to sink in the water, 
and which shall leave the person, who wears it, at full freedom to make every kind 
of movement. 
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Ab a man weighs very nearly the same as an equal volume of water* it is evident 
that a mass of some substance much lighter than that fluid may be added to his body, 
by which means both together will be lighter than water, and of course must float. 
It is in consequence of this principle that, in order to learn to swim, some people tie 
to their breast and back two pieces of cork, or affix full blown bladders below their 
arms. But thesQ methods are attended with inconveniences, which may be remedied 
in the following manner. 

Between the cloth and lining of a jacket, without arms, place small pieces of cork, 
an inch and a half square, and about half or three quarters of an inch in thickness. 
They must be arranged very near to each other, that as little space as possible may 
be lost ; but yet not so close as to affect in any degree the flexibility of the jacket, 
which must be quilted to prevent their moving from their places. The jacket must 
be made to button round the body, by means of strong buttons, well-sewed on ; and 
to prevent its slipping off, it ought to be furnished behind with a kind of girdle, so 
as to pa»8 between the thighs and fasten before. 

By means of such a jacket, which will occasion as little embarrassment as a com- 
mon dress, people may tlirovv themselves into the water with the greatest safety ; 
for if it be properly made the water will not rise over their shoulders. They will 
sink so little that even a dead body in that situation would infallibly float. The 
wearers therefore need make no effort to support themselves ; and while in the water 
they may read or write, and even load a pistol and fire it. In the year 1767 an ex- 
periment was made of all these things, by the Abbe de la Chapelle, fellow of the 
Royal Society of London, by whom this jacket was invented. 

It is almost needless to observe how useful this invention might be on land as 
well as at sea. A sufficient number of soldiers, provided with these jackets, might 
pass a deep and rapid river in the night time, armed with pistols and sabres, and 
surprise a corps of the enemy. If repulsed, they could throw themselves into 
the water, and escape without any fear of being pursued. 

During sea voyages, the sailors, while employed in dangerous manoeuvres, often fall 
overboard and aie lost ; others perish in ports and harbours by boats oversetting in 
con.scquence of a heavy swell, or some other accident ; in short, some vessel or 
other is daily wrecked on the coasts, and it is not without difficulty that only a part 
of the crew are saved. If every man, who trusts himself to this perfidious element, 
were furnished with such a cork jacket, to put on during the moments of danger, it 
is evident that many of them might escape death. 

PROBLEM XXIV. 

To construct a hoot which cannot be sunk, even if the water should enter it on 

all sides. 

Cause a boat to be made with a false bottom, placed at such a distance from the 
real one, as may be proportioned to the length of the boat, and to its burthen and 
the number of persons it is intended to carry. According to the most accurate 
calculation, this distance, in our opinion, ought to be one foot, for a boat eighteen feet 
in length, and five or six in breadth. The vacuity between this false bottom and 
the real one ought to be filled up with pieces of cork, placed as near to each other 
as possible ; and as the false bottom will lessen the sides of the boat, they may be 
raised proportionally ; leaving large apertures, that the water thrown info the vessel 
may be able to run off. It may be proper also to make the stern higher, and to 
^ furnish it with a deck, that the people may take shelter under it, in case the boat 
should be thrown on its side by the violence of the waves. 

* Boats constructed in this manner might be of great utility for going on board a 
vessel lying in a harbour, perhaps several miles from the shore ; or for going on 
shore from a ship anchored at a distance from the land. Unfortunate accidents too 
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often happen on such occasions, when there is a heavy surf, or in consequence of 
some sudden gust of wind ; and it even appears that sometimes the greatest danger of 
a voyage is to be apprehended under circumstances of this kind. But boats con- 
structed on the above principle would prevent such accidents. 

Much we confess is to be added to this idea, presented here in all its simplicity; 
for some changes perhaps ought to be made in the form of the vessel ; or heavy 
bodies ought to be added in certain places to increase its stability. This is a subject 
of research well worth attention, as the result of it might be the preservation of 
thousands of lives every year. 

For this invention we are indebted to M. de Bernieres, one of the four controllers 
general of bridges and causeways: who in 1709 constructed s boat of this kind for 
the king. lie afterwards constructed another with improvements for the Duke de 
Chartres ; and a third for the Marquis de Marigny. The latter was tried by filling 
it with water, or endeavouring to make it overset; but it righted as soon as left to 
itself ; and though filled with water, was still able to carry six persons. 

By this invention the number of accidents which befall those who lead a sea- 
faring life, may in future be diminis.hed ; but the indifference with which the inven- 
tion of M. de Bernieres was leceived, shews how regardless* men are of the most 
useful discoveries, when tlie general interests of humanity only are concerned, and 
when trouble and expense are required to render them practically useful.* 

PROBLPM XXV. 

/low to raise from the bottom of the sea a vessel which has sunk. 

This dilRcult enterprise has been several times accomplished by means of a very 
simple hydrostatical principle, viz., that if a boat be loaded as much as possible, and 
then unloaded, it tends to raise itself with a force equal to that of the weight of the 
volume of water which it displaced when loaded. And hence we are furnished 
with the means of employing very poweiful forces to raise a vessel that has been 
sunk. 

The number of boats employed for this purpose, must be estimated according to 
the size of the vessel, and by considering that the vessel weighs in water no more 
than the excess of its weight over an equal volume of that fluid ; unless the vessel 
is firmly bedded in the mud ; for then she must be accounted of her full weight. 
The boats being arranged in two rows, one on each side of the sunk vessel, the ends 
of cables, by means of divers, must be made fast to different parts of the vessel, so 
that there shall be four on each side, for each boat. The ends of these cables, which 
remain above water, are to be fastened to the head and stern of the boat for which 
they are intended. Thus, if there are four boats on each side, there must be thirty- 
two cables, being four for each boat. 

When every thing is thus arranged, the boats are to be loaded as much as they will 
bear without sinking, and the cables must be stretched as much as possible. The 
boats are then to be unloaded, two and two, and if they raise the vessel, it is a sign 
that there is a sufficient number of them ; but in raising the vessel, the cables affixed 
to the boats which remain loaded will become slack, and for this reason they must he 
again stretched as much as possible. The rest of the boats are then to be unloaded, 
by shifting their lading into the former. The vessel will thus be raised a little more, 
and the cables of the loaded boats will become slack; these cables being again* 
stretched, the lading of the latter boats must be shifted back into the others, which 
will raise the vessel still a little higher ; and if this operation be repeated as long as 

* Teiaeli constmeted on this principle, known under the name of Life Boats, are in very general 
use ; and hare been the means of saving tbe lives of many who would otheiwise have perished by 
shipwreck. They were first constructed at Shields by Mr. (rreathead ; but a humble mecnanic of tbs 
name of Wouldhave is said to have been the original inventor. 
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necessary, she may be brought to the surface of the water, and conveyed into port, or 
into dock. 

An account of the manoeuvres employed to raise, in this manner, the Tojo, a 
Spanish ship belonging to the Indian fleet, sunk in the harbour of Vigo, during the 
battle on the lOth of October 1702, may be seen in the “ Memoires des Academi- 
ciens etrangers,** vol. II. But as this vessel had remained more than thirty-six years 
in that state, it was imbedded in a bank of tenacious clay, so that it required incre- 
dible labour to detach it ; and when brought to the surface of the water, it con- 
tained none of the valuable articles expected. It had been one of those unloaded by 
the Spaniards themselves, before they were sunk, to prevent them from falling 
into the hands of the English. 

Additions On the same principle is constructed the camel, a machine employed 

by the Dutch for carrying vessels heavily laden over the sand banks in the Zuyder- 
Zec. In that sea, opposite to the mouth of the river Y, about six miles from the 
city of Amsterdam, there are two sand banks, between which is a pasi^ge, called 
the Pampus, sufiiciently deep for small vessels, but not for those which are large and 
heavily laden. On this account ships which arc outward bound, take in before the 
city only a small part of their cargo, receiving the rest when they have got through 
the Pampus. And those that aie homeward bound must in a great measure unload 
before they entci it. For this rca‘?on the goods are put into lighters, and in these 
transported to the warehouses of the merchants in the city ; and the large vessels 
are then made fast to boats, by means of ropes, and in that manner towed through 
the passage to their stations. 

Though measures were adopted, so early as the middle of the sixteenth century, 
by forbidding ballast to be thrown into the Pampus, to prevent the farther accumu- 
lation of sand in this passage, that inconvenience increased so much, from other 
causes, as to occasion still greater obstruction to trade; and it at length became im- 
possible foi ships of war and others heavily laden to get through it. About the year 
1672, no other remedy was known, than that of making fast to the bottoms of ships 
Ittige chests filled with water, which was afterwards pumped out, so that the ships 
were buoyed up, and rendered sufiiciently light to pass the shallow. By this method, 
which was attended with the utmost difficulty, the Dutch carried out their numerous 
fleet to sea in the above-mentioned ^ear. This plan however gave rise soon after 
to the invention of the camel, by which the labour was rendered easier. The camel 
consists of two half ships, constructed in such a manner that they can be applied, 
below water, on each side of the hull of a large vessel. On the deck of each part 
of the camel are a great many horizontal windlasses ; from which ropes proceed 
through apertures in the one half, and, being carried under the keel of the vessel, 
enter similar apertures in the other, from which they are conveyed to the windlasses 
on its deck. When they are to be used, as much water as may be necessary is 
suffered to run into them ; all the ropes are cast loose, the vessel is conducted 
between them, and large beams are placed horizontally through the port holes of 
the vessel, with their ends resting on the camel, on each side. When the ropes are 
made fast, so that the ship is secured between the two parts of the camel, the water 
is pumped from them, by which means they rise, and raise the ship along with them. 
Each half of the camel is generally 127 feet in length ; the breadth at one end is 22, 
and at the other 13. The hold is divided into several compartments, that the 
awchine may be kept in equilibrio, while the water is flowing into it. An East- 
India ship that draws 15 feet of water, can by the help of the camel be made to draw 
only 11 ; and the heaviest ships of war, of 90 or 100 guns, ran be so lightened, as 
to pass without obstruction all the sand banks of the Zuyder-Zee. 

Leopold, in his ** Theatrum Machinarum,'* says that the camel was invented by 
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CorneUttf Meyer» a Dutch engineer. But the Dutch writers, almost unanimoutljr^ 
ascribe this invention to a citizen of Amsterdam, called Meeuves Meindertszoon 
Bakker. Some make the year of the invention to have been 1688, and others 1600 . 
However this may be, we are assured, on the testimony of Bakker himself, written 
in 1692, and still preserved, that in the month of June, when the water was at its 
usual height, he conveyed, in the course of twenty-four hours, by the help of the 
camel, a ship of war called Maagt van Enkhuyseut which was 156 feet in length, from 
Enkhuysen Hooft, to a place where there was sufficient depth ; and that this could 
have been done much sooner, had not a perfect calm prevailed at the time. In the 
year 1693, he raised a ship called the Unie, six feet, by the help of this machine, and 
conducted her to a place of safety. 

As ships built in the Newa cannot be conveyed into harbour, on account of the 
sand banks formed by the current of that river, camels arc employed also by the 
Russians, to carry ships over these shoals: and they have them of various sizes. 
Bernoulli saw one, each half or which was 217 feet in length, and 36 in breadth. 
Camels are used likewise at Venice.* 

PROBLEM XXVr. 

To make a body ascend as if of itself along an inclined plane^ in consequence of its 

own gravity. 

Provide a double cone (Fig. 26.), that is to say 
two right cones united .it their bases, so as to have 
a common axis. Then make a supporter, consisting 
of two branches, forming an angle at the point c, 
which must be placed in such a manner that the 
summit c shall be below the horizontal line, and 
that the two branches or legs shall be equally in- 
dined to the horizon. The line a b must be equal 
to the distance between the summits of the double 
cone, and the height ad a little less than the radius of the base. These conditions 
being supposed, if the double cone be placed between the legs of this angle, it will 
be seen to roll towards the top ; so that the body, instead of descending, will seem 
to ascend, contrary to the affection of gravity : this however is not the case ; for its 
centre of gravity really descends, as we shall here shew. 

Let a c (Fig. 27.) be the inclined plane, 
containing the angle acb; ce the hori- 
zontal line, passing through the summit c, 
and consequently e a will be the elevation 
of the plane above the horizontal line, 
which is less than the radius of the circle 
forming the base of the double cone. It 
is evident that when this double cone is at 
the summit of the angle, it will be as seen at ed; and when it reaches the highest 
part of the plane, it will have the position seen at a / ; its centre then will have 
passed from d to a, and since dc is equal to a f, and ce is the horizontal line, c f will 
be a line declining below the horizon ; and consequently d a, which is parallel to it, 
will be so also. The centre of gravity of the cone will therefore have descended, 
while the cone appeared to ascend. But, as has been already seen, it is the descent 
or ascent of the centre of gravity that determines the real descent or ascent of f 
body. As long as the centre of gravity can descend, the body therefore really 
moves in that direction, &c. 

* An engraTing of the camel be seen in ** I.* Art de batlr les Vaisseanx Amsterdam, 1710. 

4to.vo1. U. p.98. See alao the ** Encydopedie," Paris edition, vol. iii. p. 67. 


Fig. 21. 
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It will be found, in the present case, that the course of the centre of gravity, in 
its whole descent, is a straight line. But a parabola or hyperbola might be situated 
in the same manner, with its summit downwards, and in that case the course of the 
centre of gravity of the double cone would be a curve. This may furnish a subject 
of exercise for young geometricians. 

PROBLEM XXVn, 

To construct a clock unth water. (Fig, 28.) 

Fig. 28. If the water which issues from a cylindric vessel, through a 

hole formed in its bottom, flowed in a uniform manner, nothing 
would be easier than to^onstruct a clock, to indicate the hours 
by means of water. But it is well known that the greater the 
height of the water above the orifice through which it issues, 
the greater is the rapidity with which it flows ; so that the 
vertical divisions ought not to be equal: the solution of the 
problem therefore consists in determining their ratio. 

It is demonstrated in hydraulics, that the velocity with 
whiili water flows from a vessel, through a very small orifice, 
is proportional to the square root of the height of the water 
above the aperture. And hence the following rule, for dividing 
the height of the vessel, which we suppose to be cylindrical, 
has been deduced. 

If we suppose that the whole water can flow out in twelve 
hours; divide the whole eight into 144 parts; then 23 of these will be emptied in 
the first hour; so that there will remain 121 for the other eleven. Of these 121 
parts, 21 will be emptied during the second hour ; then 19 will be emptied in the 
third, 17 in the fourth, and so on. As the 144th division therefore corresponds^to 
twelve hours, the 121at will correspond to eleven; the 100th to ten; the 8lst to 
nine, Ac. ; till the last hour, during which only one division will be emptied. These 
divisions will comprehend in the retrograde order, beginning at the lowest, the first, 
1 part; the second, 3; the third, 5; the fourth, 7, Sec. ; which is exactly the ratio 
of the spaces passed over in eqtial times by a body falling freely in consequence 
of its gravity. 

But, if it were required that the divisions, in the vertical direction, should be 
equal in equal times, what figure ought to be given to the vessel? 

The vase, in this case, ought to be a paraboloid, formed by the circumvolution of 
a parabola of the fourth degree ; or the biquadrates of the ordinates ought to be a.s 
the abscissas. If an orifice of a proper size were made in the summit of this para- 
boloid ; and if it were then inverted ; the water would flow from it in such a manner, 
that equal spaces of the vertical height would be emptied in equal times. 

The method of describing this parabola is as follows. Let 
A B 8 (Fig. 29.) be a common parabola, the axis of which is p s, 
and the summit s. Draw, in any manner, the line n r t, parallel 
to that axis, and then draw any ordinate of the parabola a p, inter- 
secting E T in E ; make p q a mean proportional between p r and 
pa; and let q* be a mean proportional also between rand a ; 
and so on. The curve passing through all the points q, q, &c., 
will be the one required ; and it may be employed to form a mould 
for constructing a vessel of the required concavity. To what- 
ever height it shall be filled with water, equal heights will always 
be emptied in equal times. 

In another p^ of this work, we shall give a method of making equal quantities 


Fig. 29. 
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of water flow from a vessel of any form in equal times. As this depends on the 
property of the siphon, it belongs to a different head. 


PROBLEM XXVIII. 

A point being given, and a line not horizontal, to find the position of the inclined 
plane along which, if a body descend, setting out from the given point, it shall reach 
that line in the least time. 

The following solution to this curious problem is by W. Rutherford, Esq., of the 
Royal Military Academy, Woolwich, and we give it here as much preferable to that 


by Montucla. 

30 Let A 1^ the given point, and B c the given line. 

^ Through a draw a b parallel to the horizon meeting 
c B in B ; make b F = B a, and join a f, and it is the line 
\ of quickest descent. 

hI \ Now draw f h perpendicular to B c meeting the verti- 

cal through a in ii. Then the angles bah and b f h 
— being right-angles, are equal, — and because B a and b r 
^ are equal, b a f and b F A are equal ; therefore the angles 

H A F and H F A are equal, — and so therefore arc ii a and n r. Hence a circle described 
from H on a centre, with radius h a or ii r, will touch a b and b f at a and f. And 
drawing any line A K e from a to n c, and cutting the circle at k, the time of descent 
down a f is equal to that down a K,and it is therefore less than the time down a e. 


Mr. Rutherford solves also the kindred problem, “ To determine the slope of a root 
ot a given width down which the rain may descend in the least tune.’* 

Let A B be the breadth of the building, and c its point of bisection ; and through A B 
draw the vertical line c d. Make r i* = a c, and draw a p, p b : then a p b is the 
roof down which the rain or any heavy body vvill descend in the least time. 


Fig. 31. 



For draw Pif parallel to a b meeting the vertical drawn through 
A atn. Then ii p =: u a, and a circle described trom n, with 
radius HA or h p, will touch a b and c d at a and p : now the time 
of descent from p to a is the same as that from f to a, and is 
consequently less than that from o to a, and a p b is therefore 
the roof down which rain will descend the quickest. 


PROBLEM XXIX. 


Two points A and B being gireti in the same horizontal line ; required the position of 
two planes a c and cn, of such an inclination, that two bodies descending with acce-^ 
lerated velocity from a to c, and then ascending along c B with the acquired velocity, 
shall do so in the least time possible, (Fig. 32. ) 

It is evid*snt that a body placed at a, on the horizontal line A B, W'ould remain there 


eternally without moving towards b. To make it proceed therefore by the effect of 
Fig. 32. its own gravity fiom A to b, it must fall along an inclined plane 
j or a curve ; so that, after having descended a certain space, it 



shall ascend along a second plane, or the remainder of the curve, 
as far as b. But we shall suppose that this is done by means 
of two inclined planes. It is here to be observed, that the time 


employed to descend and ascend, must be longer or shorter ac- 


cording to the inclination and the length of these planes. The question then is, to 
determine what position of them is most advantageous, in order that the time may be 
the least. Now it will be found that to obtain the required position, the two planes 
must be equal and inclined to the horizon at an angle of 45° ; that is to say, the tri- 
angle A c B ought to be isosceles and right-angled at c. 
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This solution is deduced from that of the preceding problem ; for if we conceive 
a vertical line drawn through the point c, it has been shewn that the plane a c, 
inclined at an angle of 45 degrees, is the most favourably disposed to make the 
body, sliding along it, arrive at the vertical line in the least time possible ; but the 
time of the ascent along c B, is equal to that of the descent ; whence it follows that 
tlieir sum, or the double of the former, is also the shortest possible. 

PROBLEM XXX. 

Jf a chain and two buckets he employed to diaw up water from a well of very great 
depth ; it is requited to arrange the apparatus in such a manner ^ that in every post- 
tion of the hucketSf the weight of the chain shall be destroyed ; so that the weight to 
he raised shall be that only of t%e water contained in the ascending bucket. (Fig. 33.) 

If two buckets be suspended from the two ends of a rope 
or chain, so as to ascend and descend alternately, while the 
rope rolls round the axis or wheel ot the windlass which serves 
to raise them, it is evident that when one of the buckets is 
at the bottom, the person who begins to raise it has not only 
the weight of the bucket to support, but that also of the 
whole chain or rope from the top to ihc bottom of the well; 
and there are some ca^es, as in mines of three or four hun- 
dred feet in depth, where the weight of several quintals 
must be overcome to raise only two or three hundred pounds 
to the mouth of the mine. Such were the mines of Fontpean, 
until M. Loriot suggested a remedy for this inconvenience. 

This remedy is so simple, that it is astonishing no one 
ever thought of it before. Nothing indeed is necessary but 
to convert the rope or chain into a complete ring, one of 
the ends of which descends to the depth where the water or 
the ore is to be drawn up, and to aflix the buckets to two points of the rope in such 
a manner that when one of them is at the highest part, the other shall be at the low'est. 
For it is evident that, as equal paits of the chain ascend and descend, these parts will 
counterbalance each other; and the weight to be raised, were the pit several. thou- 
sand feet in depth, will be that only of the ore or other substances di*awn up. 

The case wmuld evidently be the same if there were only one bucket : in every 
position, the only weight to be raised would be that of the bucket, and the matter 
it coutained ; but ihc machine would be attended with only one half ot its advantage ; 
for, by having no more than one bucket, the time which the bucket when emptied 
would employ in descending would be lost. 

Remark. — In the Memoirs of the Academy of Sciences for 1731, M. Camus gave 
another method of remedying the above inconvenience. It consists, when there 
is only one bucket, in employing an axis nearly in the form ot a truncated cone; 
so that when the bucket is at the lowest depth, the rope is rolled round the part 
which has the least diameter ; and when the bucket is at the top, it is rolled round that 
which has the greatest. Fy these means, the same force is always required. But it is 
evident that, in every case, more must be applied than is necessary. 

When there are two buckets, M. Camus proposes that one half of the rope 
should be rolled round one half of the axis, which he divides into two equal parts ; 
so that one half is covered by the rope belonging to the bucket raised up, while the 
other is uncovered, the bucket which corresponds to it being at the bottom. By 
these menus the two efforts are combined in such a manner, that nearly the same 
furce is always required to overcome them. But these inventions, though ingenious, 
are inferior to that of M. Loriot, 
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PROBLEM XXXI. 

Method of conetructing a jack which moves by means of the smoke of the chimney, 

(Fig. 34.) 

Fig, 34. The construction of this kind of jack, which is very 

ingenious, is as follows. An iron bar fixed in the back 
of the chimney, and projecting from it about a foot, 
serves to support a perpendicular spindle, the extremity 
of which turns in a cavity formed in the bar ; while the 
other extremity is fitted into a collar in another bar, 
placed at some distance%bove the former. This spindle 
is surrounded with a helix of tin plate, which makes a 
couple of revolutions, or turns round the spindle, and 
which is about a foot in breadth. But instead of this 
helix, it will be sufficient to cut several pieces of tin 
plate, or sheet-iron, and to fix them to the spindle in 
such a manner that their planes shall form vvith it an angle of about 60 degrees ; they 
must be disposed in several stories, above each other ; so that the upper ones may 
stand over the vacuity left by the lower ones. The spindle, towards it summit, bears 
a horizontal wheel, the teeth of which turn a pinion having a horizontal axis, and 
the latter, at its extremity, is furnished with a pulley, around which is rolled the 
endless chain that turns the spit. Such is the construction of this machine, the 
action of which may be explained in the following inunner. When a fire is kindled in 
the chimney, the air which by its rarefaction immediately tends to ascend, meeting with 
the helicoid surface, or kind of inclined vanes, causes the spindle, to which they are 
affixed, to turn round, and consequently communicates the same motion to the spit. 
The brisker the fire becomes, the quicker the machine moves, because the air ascends 
with greater rapidity. 

When the machine is not used, it may be taken down, by raising the vertical 
spindle a little, and removing the point from its cavity ; which will allow the summit 
to be disengaged from the collar in which it is made to turn. When wanted for 
use, it may be put up with the same case. 

Jtemarks. — 1st. The following mechanical amusement is founded on the same prin- 
ciple. Cut out from a card as large a circle as possible; then cut in this circle a 
spiral, making three or four revolutions, and ending at a small circle, reserved 
around the centre, and of about a line or two in diameter ; extend this spiral by 
raising the centre above the first revolution, as if it were cut into a conical surface 
or paraboloid ; then provide a small spit miide of iron, terminating in a point, and rest- 
ing on a supporter. Apply the centre or summit of the helix to this point : and if 
the whole be placed on the top of a warm stove, the machine will soon put itself in 
motion, and turn without the assistance of any apparent agent. The agent however 
in this ca.se is the air, which is rarefied by the contact of a warm body, and which 
ascending forms a current. 

2d. There is no doubt that a similar invention might be applied to works of great 
utility: it might be employed, for example, in the construction of wheels to be 
always immersed in water, their axis being placed parallel to the current: to give 
the water more activity this helicoid wheel might be inclosed in a hollow cylinder, 
where the water, when it had once entered, being impelled by the current above it, 
would in our opinion act with a great force. 

If the cylinder were placed in an erect position, so as to receive a tall of water 
through the aperture at the top, the water would turn the wheel and its axis, and 
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might thus drive the wheel of a mill, or of any other machine. Such it the principle 
of motion employed in the wheels of Basacle, a famous mill at Toulouse. « 

3d. The smoke jacks here in England are made somewhat 
different from that above described ; being mostly after the 
manner of that exhibited in Fig. 34*, where a b is a circle 
containing the smoke vanes, of thin sheet iron, all fixed in 
the centre, but set obliquely at a proper angle of inclination. 
The other end of the spindle has a pinion c, which turns 
the toothed wheel d, on the spindle of which is fixed the 
vertical wheel e, over which passes the chain B r, which turns 
the spithelow. There are other forms of this useful machine 
also made ; but all or most of them having the same kind of 
vanes in the circle a b, instead of the spiral form in the 
original. 

PROBLEM xxxn. 

"Wiat is it that supportSt in an upright position, a top or tetotum, vfhile it is 

revolving f 

It is the centrifugal force of the parts of the top, or tetotum, put in motion. For 
a body cannot move circularly without making an effort to fly off from the centre ; 
so that if it be aflixed to a string, made fast to that centre, it will stretch it, and 
in a greater degree according as the circular motion is more rapid. 

The top then being in motion, all its parts tend to recede from the axis, and with 
greater force the more rapidly it revolves ; hence it follows that these parts are like 
so many powers acting in a direction perpendicular to the axis. But as they are 
all equal, and as they pass all round with rapidity by the rotation, the result must 
be that the top is in equilibrio on its point of support, or the extremity of the 
axis on which it turns. 



PROBLEM XXXlir. 

Bow comes if that a stick, loaded with a weight at the upper extremity^ can be kept in 
equilihrio, on the point of the finger ^ much easier than when the weight is near the 
lower extremity ; or that a swords for example, can be balanced on the finger much 
better, when the hilt is uppet most ? 

The reason of this phenomenon, so well known to all those who perform feats of 
balancing, is as follows. When the weight is at a considerable distance from the 
point of support, its centre of gravity, in deviating either on the one side or the 
other from a perpendicular direction, describes a larger circle than when the weight 
is very ni?lirto the centre of rotation, or the point of support. But in a large circle 
an arc of a determinate magnitude, suchjas an inch, describes a curve which deviates « 
much less from a horizontal direction than if the radius of the circle were less. The 
centre of gravity of the weight then may, in the first ease, deviate from the perpen- 
dicular th# quantity of an inch, for example, without having a tendency or force to 
deviate more, than it would in the second case; fur its tendency to deviate altogether 
from the perpendicular is greater, accordiugas the tangent to that point of the arc 
where it happens to be approaches more to a vertical direction. The greater there- 
fore the circle described by the centie of gravity of the weight, the le^sis its ten- 
dency to fall, and consequently the greater the facility with which it can be kept in 
equilibrio. 

PROBLEM XXXIV. 

What is the most advantageous position of the feet for standing with firmnese, in an 

erect posture f 

It is customary among well-bred people to turn tbeir toes outwards ; that is to 
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say, to place their feet in such a manner, that the line passing through the middle of 
the Sole is more or less oblique to the direction towards which the person is turned. 
Being induced by this circumstance to inquire whether this custom, to which an 
idea of gracefulness is attached, be founded on any physical or mechanical reason, 
we shall here examine it according to the principles of mechanics. 

Every body whatever rests with more stability on its base, according as its centre 
of gravity, on account of its position and the extent of that base, is less exposed to 
be carried beyond it by the effect of any external shock. The problem then, in con- 
sequence of this very simple principle, is reduced to the following ; To determine 
whether the base, within which the line drawn perpendicular to the horizon from 
the centre of gravity of the human body ought to fall, is susceptible of increase and 
diminution, according to the position of the feet ; and what is the position of the 
feet which gives to that base the greatest extent. But this becomes a problem of 
pure geometry, which might be thus expressed : Tu^o lines 
A D and B c (Fig. 35.) of equal lengthy and moveable around the 
the points a and b, as centres^ being given ; to determine their 
position when the trapezium or quadrilateral a u c D zs the 
greatest possible. This problem may be solved with the 
greatest facility, by methods well known to geometricians ; 
and from the solution the following construction is deduced. 

On the line a d equal to a d, or b c, construct the isosceles triangle A ii </, right- 
angled at H *, and make a k equal to a ii. Having then assumed a i equal to one 
half of A G, or one fourth of a b, draw the line k r, and make i K equal to i k : on 
G E, if an indefinite perpendicular, intersecting in d, the circle deecribed from the 
point a as a centre, with the radius a d, be then raised, the point d, or the angle 
DAE, will determine the position of ad, and consequently of bc. If the line a b, 
and consequently a o or a i, be nothing, or vanish, ae will be found equal to a n; 
and the angle d a e will be half a right one. Thus, when the heels absolutely 
touch each other, the angle which the longitudinal lines of the soles of the feet 
ought to form, is half a right one, or nearly so, on account of the small distance 
which is then between the two points of rotation, in the middle of the heels. 

If the distance a b is equal to ad, the angle dae ought to be GOdegiees; if a b 
is equal to twice a d, the angle d a e ought to be iieaily 70 degrees ; and in the 
last place, if ab be equal to three times the line ad, it will be found that dae 
ought to be nearly 74® 30. 

It is thence seen, that in proportion as the feet are at a greater distance from 
each other, their direction, in order to stand or walk with more stability, ought 
to approach nearer to parallelism. But, in general, mechanical principles accord 
with what is taught by custom and gracefulness, as it is called ; that is to say, to 
“ turn the toes outwards. 


Fig. 35. 
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PROBLEM XXXV. 

Of the game of Billiards. * 

It is needless to explain here the nature of billiards. It is well known that 
this game is played on a table covered with green cloth, properly stretched, and 
surrounded by a stuffed border, the elasticity of which forces back the ivory balls 
that impinge against it. The winning strokes at this game, are those which, by 
driving your ball against that of your adversary, force the latter into one of the 
holes at the corners, and in the middle of the two longer sides, which are called 
pockets. 

The whole art of this game then consists in being able to know in what manner 
you must strike your adversary's ball with your own, so as to make it fall into 
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one of the pockets, without driving your own into it elso. This problem, and 
some others belonging to the game of billiards, may be solved by the following 
principles. 

1st. The angle of the incidence of the ball against one of the edges of the table, 
is equal to the angle of reflection. 

2d. When a ball impinges against another, if a straight line be drawn between 
their centres, which will consequently pass through the point of contact, that Hue 
will be the direction of the line described after the stroke. 

These things being premised, we shall now give a few of the problems which 
arise out of this game. 


I. The position of the pocket and that of the two halls M and N being given (Fig. 36.) 
to strike your adversary's ball m in such a manner^ that it shall fall into the 
pocket. 

Through the centre of the given pocket and that of the ball, 
draw, or conceive to be drawn, a straight line; the point 
where it intersects the surface of the ball, on the side oppo- 
site to or farthest from the pocket, will be that where it 
ought to be touched, in order to make it move in the required 
direction. If W'C then suppose the above line continued from 
one of the radii of the ball, the point o, where it terminates, 
will be that through which the impinging ball ought to pass. 
It may be readily conceived, that it is in this that the whole dex- 
terity of the game consists; nothing being necessary, but to 
strike the ball in the proper manner. It is easy to see what ought tq be done, 
but it is not so easy to perform it. 

In the last place, it is evident from what has been said, that provided the angle 
NOB exceeds a right angle ever so little, it is posbible to drive the ball si into the 
pocket. 


Fig, 36. 
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II . — To strike the ball by rfjlection. 



The ball m (Fig. 37 ) being concealed, or almost concealed^ 
behind the iron, in regard to the ball n, so that it would be 
impossible to touch it directly, without running the iisk of 
striking the iron and failing in the attempt ; it is necessary, in 
that case, to try to touch it by reflection. For this purpose, con- 
ceive the line sio, drawn perpendicular from m to the edge 
D c, to be continued to m ; so that o m shall be equal to o m. 
If you aim at the point m, the ball n, after touching the edge 
D c, will strike the ball m. 

If it were required to strike the ball m (Fig. 38.) by 
two reflections, the geometrical solution, in this case, is as 
follows. Conceive the line »i o, drawn perpendicular from the 
point M, to the edge b c, to be continued till o m become equal 
to 0 M. Conceive also the line m p, drawn perpendicular from 
the point m to the edge continued, to be continued to q, until 
pq be equal to pm; if the ball n be directed to the point q, 
after impinging against the edges d c and c b, it will strike the 
ball M. 

To those in the least acquainted with geometry, the de- 
monstration of this problem will be easy. 
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111.—// a ball strikes against another in any direction whatever, what is the direction 
of the impinging hall after the shock f 

It is of importance, ut the game of billiards, to be able to know what will be the 
direction of your own ball after it strikes that of your adversary obliquely ; for every 
one knows that it is not sufficient to have touched the latter, or to have driven it 
into the pocket ; you must also prevent your own from falling into it. 

Let M and n (Fig. 39.) be the two balls, the latter of which 
is to strike the former, touching it in the point o. Through 
this point o, let there be drawn the tangent o p ; and through 

the centre n, of the ball N, when it ai rives at the point of con> 

tact, draw or conceive to be drawn n />, parallel to o p : the di- 
rection of the impinging ball, after the shock, will henp, A 
bad player would here be infallibly lost ; and indeed this is often 
the ca^e in this position of the balls. Expert players, when 
they lind that they have to do with novices, often give them 
this deceitful chance, which makes them lose, by driving theii; 
ball into one of the corner pockets. In this case you must not 
take the ball of your adversary by halfs, according to the technical term of the 

game, to drive it to one of the corners Jit the other end of the table ; for in doing 

so, you will not fail to lose yourself in the other corner. 

Remark In reasoning on this game, we set out from common principles ; but we 

must confess that we have some doubts on this subject, the reason of which we 
shall here explain. 

If the balls had only one progressive movement forwards, without rotation around 
their centres, the above principles would be evidently and sufficiently deinonstiated. 
But every one knows that, independently of this progessive motion t)f the centre, a 
billiard ball rolls upon the table in a plane which is perpendicular to it. When a 
ball then touches the edge, and is repelled w’ith a force nearly equal to that with 
which it impinged, it would appear that this motion ought to be compounded of the 
rotary motion it had at the moment of the shock, and that which it has in a direction 
parallel to the edge. But since the first of these motions compounded with the 
latter, gives the angle of reflection equal to the angle of incidence, what then be- 
comes of the second, which ought to alter the first result ? In our opinion, this is a 
dynamical problem, which has never yet been solved, though it deserves to be so. 

However, this rotary motion, in certain circumstances, gives a result which seems 
contrary to the laws of the impinging of elastic bodies ; for, according to this law, 
when an elastic body impinges directly and centrally against another which is equal 
to it, the first ought to stop, in consequence of having communicated, as is supposed, 
all its velocity to the second. But at the game of billiaids, this docs not take place ; 
for here the impinging ball continues to move, instead of stopping short. This 
effect is partly a consequence of the motion of the impinging ball around its centre ; 
a motion which subsists in a great measure after the shock, and it is this motion 
partly which makes the ball still move forwards. Another cause of the striking 
ball’s moving forward, is the want of perfect elasticity in them both, on which ac- 
count that ball still retains some portion of its direct forward motion, the other ball, 
which is struck, receiving the rest of the motion. 

PROBLEM XXXyi. 

7b construct a Water Clock, 

This name is given to a clock shaped like a drum or barrel, as a Bc n (Fig. 40.), 
made of metal well soldered, and put in motion by a certain. quantity of water 


Fig, 39. 
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contained in the inside of it. The hours are indicAted on two 
vertical pillars, between which it is suspended by small strings 
or cords, rolled round an axis, every where of the same thickness. 
The internal mechanism is exceedingly ingenious, and deserves 
a better explanation than what has been given of it in the pre- 
ceding editions of the Mathematical Recreations, where Oza- 
nain does not tell us how the machine goes and is supported, as 
we may say, in the air, without falling, as it seems it ought 
to do. 

Let the circle 1 23 4 (Fig. 41.) represent a section of the 
drum or cylinder, by a plane perpendicular to its axis. We 
shall here suppose the diameter of it to b^ix inches; and let 
A, B, c, B, E, F, G, represent seven cells, the partitions of which 
are formed of the same metal, and are w'ell soldered to the tw^o 
circular ends, and to the circular band which foims the circum- 
ference. These partitions ought not to proceed from the centre 
to the circumference, but to be placed in a somewhat transverse 
direction, so as to be tangents to an interior circle, of about an 
inch and a half in diameter : the small square h is a section of 
the axis, which in that part ought to be square, and to fit very 
exactly into holes, of the same form, made in the centre of each 
end of the c>lindei. Each partition also ought to have in it a 
small round hole, as near as possible to the circumference of the 
cylinder, all pierced with the same piercer, that there may be 
no difference among them. 

Let us now suppose that a certain quantity of water, about 
eight or nine ounces, has been put into the cylinder, and that it 
has already distributed itself as shewn by the horizontal ^hading 
lines Fig. 41. If the line i k represent the two strings, g h and e f (Fig. 40.), rolled 
round the axis of the cylinder, it may be easily seen that the centre of gravity, 
*wliich, if the machine were empty, would be in the centre of the figure, being 
fhrow'ii out of the line of suspension, and towards the side where the machine has a 
tendency to fall, it would indeed fall; but the effect of the water behind the parti- 
tion D, is to throw back the centre of gravity, so that if it were on this side the 
vertical line k t continued, the cylinder would revolve from o to e, in order to be in 
that veitical; and in this position the machine w'ould remain in equilibrio, if the 
water could not proceed from the one cavity to the other ; for the cylinder cannot 
revolve in the direction a or, without making the centre of gravity ascend iowaids 
d: in the like manner it cannot revolve in the direction bcd, without the centre 
rising on the opposite side. The machine must then remain in equilibrio, until some« 
thing is changed. 

But, if the water flows gradually through the hole in the partition i), which is 
betw^een the cells d and i:, it is evident that the centre of gravity will advance a 
little beyond k i continued, and the machine will imperceptibly revolve in the 
direction a g f : and since by descending in this manner, the centre of gravity is 
thrown towards the vertical line k i produced, the equilibrium will at the same time 
be restored, and this motion will continue until the, whole of the cord be unrolled 
from the axis. This movement indeed will not be altogether uniform ; for it is 
evident that when the water is almost entirely behind the partition i), the cylinder 
w’ill revolve faster than when it has nearly flowed off; and the periods of these 
inequalities, during a whole revolution of the cylinder, will be equal in number to 
the cells ; a circumstance which seems not to have been observed by those who bayo 
written on clocks of this kind. 
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To btve an exact division of time by these means, it will therefore be necessary 
to make a mark on the circumference of the cylinder. If the machine be then 
wound up as high as possible, and disposed in such a manner that the mark shall be 
at the top of the cylinder, you must have a good clock, with which to mark, during 
a whole revolution, the points of the hours elapsed. But care must be taken that 
the number of hours shall be an integer number, as 2 , 4, 6 , &c. ; and for that purpose 
the movement of the machine must be retarded or accelerated till the proper pre- 
cision has been obtained ; otherwise it might err some minutes, and perhaps a quar- 
ter of an hour. How this movement may be accelerated or retarded, we shall shew 
hereafter. 

In the last place, in winding up the clock, great care must be taken that when the 
axis is placed oppe^te to the nrst division, the mark made in the cylinder shall be m 
the same position ; otherwise there maybe an error, as already said, of some minutes. 
We shall now add some useful observations in regard to this object. 

I* It is absolutely necessary that the water employed be distilled water; otherwise 
it will soon become corrupted, so as to stop up the holes through which it ought to 
dow; and the machine will consequently stand still. 

II. The substance most proper for constiucting the cylinder of these inarhines, 
is gold or silver; or what is cheaper, copper well tinned on the inside, or even tin 
itself. 

III. This machine is apt to go a little faster in summer than in winter, and there- 
fore ought to be regulated from time to time, and retarded or accelerated. For this 

T^f 40 purpose it will be necessary to add to it a small weight as a counterpoise, 
tending to make it revolve outward. This weight ought to have the form 

I of a bucket (Fig. 42.), and to be of some light substance, so that it can be 
charged moie or less by means of small drops of lead. To accelerate the 
machine, two or three drops of lead may be added; and when it is neces- 
sary to retard it, they may be removed ; which will be much more conve- 
nient than adding or taking away water. 

IV. The place where the axis passes through the cylinder must be well 
cemented; otherwise the water W'ould gradually evaporate, by which* 
means the machine would be continually retarded, and at length would stop. 

V. Notwithstanding all these precautions, it may be readily seen that a machine 
of this kind is rather an object of curiosity, than calculated to measure time with 
accuracy It may be proper for the cell of a convent, or a cabinet of mechanical 
curiosit es ; but it will certainly never be used by the astronomer. 

VI. The inventor of this kind of clock is not known. Ozaiiam, who wrote in 
1603, says that the first seen at Paris about that period bad been brought from Bur- 
gundy; and he adds that Father Timothy, a Barnabite, who excelled in mechanics, 
had given to this machine all the perfection of which it was susceptible. This monk 
had constructed one about five feet in height, which required winding up only once a 
month. Besides the hours, which were marked on a regular dial-plate, at the top of 
the frame, it indicated the day of the month, the festivals throughout the year, the 
8 un*s place, and his rising and setting, as well as the length of the day and night. 
This was performed by means of a small figure of the sun, which gradually descended, 
and which, when it reached the bottom of the frame, was raised to the top at the end 
of every month. 

Father Martinelli has treated, at great length, on these clocks, in an Italian work, 
entitled ** Horologi Elementari,** in which he deliveis methods of making clocks by 
means of the four elements, water, earth, air, and fire. This work was printed at 
Venice in 1663, and is very rare. The author shows in it how striking macliinery 
may be adapted to a water-clock ; with other curiosities, which are sometimes added 
to common clocks. 
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PROBLEM XXXTH. 

Mechanical Paradox. — How equal weights^ placed ai ang distance from the point of 
support of a balance^ shall he in equilibrio* 

Provide a frame in the form of a parallelogram, such as d £ f o (Fig. 43.), con- 
structed of four pieces of wood, joined together in such a manner as to move freely 
at the angles, so that thr frame can change its rectangular form into that represented 
by the letters efgd. The I6ng sides ought to be about twice the length of the others. 

Fig, 43 . This frame inserted in a cleft formed in the perpendi- 

cular stand B c, so as to be moveable on the two 
points I and h, where it is fixed in the stand by two 
small axes : in the last place, two pieces of wood, m n 
^ aud K L, pass through the shorter sides, in which they 
are well fixed, and the whole apparatus rests on the 
stand A B. 

Now if the weight p be suspended from the point 
M, which is almost at the extremity of the arm m n, 
the most distant fiom the centre or centres of motion ; 
and if the weight o, equal to the former, be suspended 
from any point r, of the other arm k l, nearer the centre, and even within the frame, 
these two weights will always be in cquilibrio; though unequally distant from the 
point of support or of motion in this kind of balance; and they will remain so, what- 
ever situation may be given to the machine, a&e f d g. 

The reason of this effect which at first seems to contradict the principles of statics, 
is however very simple. For two equal bodies will be in equilibrio, whatever move- 
ment may be made by the machine from which they are suspended, if the spaces 
pas<>ed over by these two bodies or weights are equal and similar. But it may be 
readily seen that this must necessarily be the case here, since the two weights, what- 
ever be their position, are obliged to describe equal and parallel lines 

It may be readily seen also, that, in such a machine, whatever bo the position of 
the weights alongthe armsMN and k l, the case will always be the same, as if they 
were suspended from the middle of the short sides £ d and f g. But in the latter 
case, the weights would be in equilibrio, therefore in former also. 

PROBLEM XXXVin. 

What velocity must he given to a machine, moved by water, in order that it may produce 

the greatest effect f 

That this is not a matter of indifference, will readily appear from the following 
observation. If the wheel moved with the same velocity as the fluid, it would 
experience no pressure; consequently the weight it would be capable of raising 
would be nothing, or infinitely small. On the other hand, if it were immoveable, 
it would experience the whole pressure of the current ; but in this case there would 
be an equilibrium, and as no weight would be raised there would consequently be 
no effect. There is therefore a certain mean velocity, between that of the cur-i 
rent and no velocity at all, which will produce the greatest effect — an effect propor- 
tional, in a given time, to the product of the weight multiplied by the height to 
which it is raised. 

We shall not here give the analytical reasoning which conducts to the solution of 
the problem. We shall only observe, that in a machine of the above nature, the 
velocity of the wheel ought to be equal to one half of that of the current. Conse- 
quently the resistance or the weight must be increased, until the velocity be in this 
ratio. The machine will then produce the greatest effect possible. 
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PBOBLEM XXXXX. 

What is the ffreatest number of fioot-hoards^ that ought to he applied to a wheel moved 
by a current of water y in order to make it produce the greatest effect ? 

It was long believed that the float-boards of such a wheel ought to be so propor- 
tioned, that when one of them was in a vertical position, or at the middle of its immer- 
sion, the next one should be just entering the water, A great many reasons were 
assigned for thib mode of conbtruction, which however are contradicted by calculation, 
as well as by experience. 

It is now demonstrated, that the more float-boards such a wheel has, the greater 
and more unitorm will be its eflfect. This lesult is proved by the re^ea^(•he8 of the 
Abbe de Valcrnod, of the academy of Lyons, and those of M. du Petit-Vandin, to he 
found in the first volume of the Memoires des S 9 avans Etrangers.*' 

The Abbe Bossut, who examined, by the help of experiments, the greater part of 
the hydraulic theories, has dcmoiisf rated also the same thing. According to the expe- 
riments which be made, a wheel furnished with 48 float-boards, produced a much 
greater effect than one furnished with 24 ; and the latter a greater effect than one with 
12 ; their immersion in the water being equal. M. du Petit Vandin therefore observes, 
that in Flanders, where running water is so exceedingly scarce, as to render it neces- 
sary to turn it to the greatest possible advantage, the wheels of water-mills are fur- 
nished with 32 float-boards at least, and even with 48, when the wheel is from 16 to 
19 feet in diameter. 


phohlem XL. 

Jf there be two cylinders^ containing exactly the same quantity of matter y the one solid 
and the other hollowy and both of the same length ; which of them will sustain, with* 
out breaking y the greatest weight suspended from one of its extremitieSy the other 
being fixed f 

Some, and perhaps several of our readers, may be inclined to think that, the base 
of rupture being the same, every thing else ought to he equal. On the lir&t view, 
one might even be induced to consider the solid cylinder as capable of presenting 
greater resistance to being broken: this how’ever would be a mistake. 

Galileo, who first examined iiiathematicully the resistuiice of solids to being l.roken 
by a weight, bos shewn that the hollow cylinder will present the most resistance ; 
and that this resistance will be gi eater in the transverse direction, according as the 
hollow part is gieuter. He even shews, from a theory which approaches very near 
the truth, that the resistance of the hollow cylinder will be to that of the solid one, 
as the whole radius of the hollow is to that of the solid. Thus the resistance of a 
hollow cylinder, having as much vacuity as solid, will be to the resistance of a solid 
one, as 2 to 1, or as J 141 to I'OUO; for the radius of the former will he y/ 2, 
while that of the latter is unity. The rasislaiice of a hollow cylinder, having twice 
08 much vacuity as solid, will be to a solid one, as -s/ 3 to 1, or as 1 73 to 1 00; for 
their radii will be in the ratio of ^ 3 to 1. The resistance of a hollow cylinder, 
the solidity of whi h forms only a twentieth puit of the whole volume, will be to 
that of a solid cylinder of the sau^e mass, as 21 to 1, or as 4*31 to 100 ; and so 
forth. 

JRemai may be readily observed, and Galileo does not fail to take notice of 
it, that this mechanism is that which nature, or its Supreme Author, has employed, 
on various occasions, to combine strength w*ith lightness. Thus the bones of the 
greater part of animals are hollow : by being solid with the same quantity of matter, 
they would have lost much of their strength ; or to give them the same power of 
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resifitance, it would have been necessary to render them more massy; which would 
have lessened the facility of motion. 

The stems of many plants are hollow also, for the very same reason In the last 
place, the feathers of birds, in the formation of which it was necessary that great 
strength should be united with great lightness, are also hollow : and the cavity even oc. 
cupies the greater part of their whole diameter ; so that the sides are exceedingly thin. 

PROBLEM XLl. 

To construct a lantern^ which shall giue light at the bottom of the water. 

This lantern must be made of leather, which will resist the waves better than 
any other substance; and must be furnished with two tubes, having a comniiu 
nieation with the air above. One of these tubes is destined to a^iit fresh air for 
maintaining the combustion of the candle or taper; and the other to serve as a 
chimney, by affording a passage to the smoke : both must rise to a sufficient height 
above the surface of the water, so as not to be covered by the waves when the sea is 
tempestuous. It may be readily conceived, that the tube which serves to admit fresh 
air, ought to communicate with the lantern at the bottom ; and that the one which 
serves as a chimney, must be connected with it at the top. Any niimbei of holes at 
pleasure, into which glasses aie fitted, may be made in the leather of whieh the 
lantern is constructed ; and by the^e meuiih the light will he diffused on all side-<. 
In the last place, the lanleni must be suspended from a piece of coik, that it may 
rise and fall with the waves. 

A lantern ot this kind, says Ozanani, might be employed for catching fish by 
means of liglit ; hut this melliou of hshiiig has, in some countries, been wisely for* 
bidden under severe penaltiLt. 


PROBLEM Xm 

7b construct a lamp^ which shall preserve its oil in every situation^ however moved 

or inclined. 

To construct a lamp of tliib kind, (he body of it, or the vase that contains the oil 
and the wick, must have the form of a spherical segment, with two pivots at the 
edge, diametrically opposite to each other, and made to turn in two holes at the ex* 
trenpties of the diameter of a brass or iron circle. This circle must, in like manner, 
be furnished with two pivots exactly opposite to each other, and at the distance of 
90® from the holes in w’hich the former are inserted. These second pivots must be 
made to turn in two holes diametrically opposite in a second circle; and this second 
circle must likewise be furnished with two pivots, inserted in some concave body, 
proper to serve as a covering to the whole lamp. 

It may be readily seen that, by this method of suspension, whatever motion be 
given to the lamp, unless too abruptly, it will always maintain itself in a horizontal 
position. 

This method of suspension is that employed for the marinerb compass, so useful 
to navigators; and which must always be preserved in a horizonal situation. Me 
have read, in some author, that Charles V. caused a carriage to be suspended in this 
manner, to guard against the danger of being overturned. 

PROBLEM XLIII. 

Method of constructing an anemoscope and on anemometer. 

These two machines whieh in general are confounded, are not however the same* 
The anemoscope serves for pointing out the dirertion of the wind, and therefore, 
properly speaking, is a weather-cock ; but in common this term is used to denote a 
more complex machine, which indicates the diiection of the wind by means of a kind 
of dial plate, placed either on the outside of a house or ni an apartment. In regard 



230 


MECHANICS. 


to the anemometer, it is a machine which serves to indicate, not only the directimii 
but the duration and force of the wind. 

The mechanism of the anemoscope is very simple, (Fig. 44.) 
It consists, in the first place, of a weather>cock, raised above 
the building, and supported by an axis, one end of which, pass- 
ing through the roof, is made to turn in a socket fitted to re- 
ceive it, and with such facility as to obey the least impulse of 
the wind. On this axis is fixed a crown wheel, the teeth of 
which being turned downwards, fit into those of a vertical 
wheel, exactly of the same size, placed on a horizontal axis, 
which at its extremity is furnished with an index. It is hence 
evident, that when the vane makes one turn, the index will 
make one exa':tly aUo. If this index then be placed in such a 
manner as to he veitical, when the wind is north; and if care 
be taken to observe in what direction it turns, when it changes 
to the west, it will be easy to divide the dial plate hito 32 parts. 

An anemometer, if it be required only to measure the inten- 
sity or force of the wind, may be constructed with equal case. 

would propose the following. Let a n (Fig. 4 j.) be an iron 
bar, fixed in a horizontal direction to the vertical axis of a vane. 
The extremities of this bar, w'hich are bent at right angles, 
seive to support a horizontal axis, around which turns a iitovc- 
ahlc fiarac a b CD, of a foot square. To the middle of the 
lower side of the frame is fastened a very fine but strong silk 
thread, which passes over a pulley f, fitted into a cleft in the 
vertical axis of the vane, whence it descends along the axis to 
an apartment below the roof. The distance of must be equal 
to G E. To the end of the silk thread is suspended a small 
weight, just sufficient to keep it stretched. When the frame 
which, by the turning of the vane, will be always presented to 
the wind, is raised up, as will be the case, more or less, according 
wind, the small weight will be raised up also, and will thus 
indicate, by means of a scale adapted to the axis of the vane, the strength of the 
wind. It may readily be perceived that the force of the wind will be equal to Zero 
or nothing, when the small weight is at its lowest point ; and that its maximum, or 
greatest degree, will be when it is at its highest, which \till indicate that the wind 
keeps the frame in a horizontal position, or very nearly so. 

The force of the wind, according to the different inclination of the frame, may be 
determined with still greater precision : for this force will always be equal to the 
absolute weight of the frame, which is known, multiplied by the sine of the angle 
which it makes with the vertical line, and divided by the square of the same angle. 
Nothing then will be necessary, but to ascertain, by the motion of the small weight 
affixed to the thread b f p, the inclination of the frame. But this is easy ; for it 
may be readily seen that the quantity which it rises above the lowest point, will 
always be equal to the chord of the angle formed by the frame with the 
vertical plane, or to double the sine of the half of that angle. The extent therefore 
of this angle may be marked along the scale, and also the force of the wind, calcu- 
lated according to the foregoing rule. 

In the Memoirs of the Academy of Sciences, for the year 17^, may be found the 
description of an anemometer invented by M. d’Ons-en-Bray, to indicate at the same 
time the direction of the wind, its duration in that direction, and its strength. This 
anemometer merits that we should here give some idea of it. 

It consists of three parts, viz., a common clock, and two other machines, one of 
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which serves to mark the direction of the wind and its duration ; the other to indi- 
cate its force. 

The first of these machines consists, like the common anemoscope, of a vertical 
axis bearing a vane, which by means of some wheels indicates, on a dial-plate, from 
what quarter the wind blows ; the lower part of this axis passes through a cylinder, 
in which are implanted thirty-two pins, in a spiral line ; and these pins, by the 
manner in which they present themselves, press against a piece of paper, properly 
prepared and stretched, between two vertical columns or axes, on one of which it is 
rolled up, while it is unrolled from the other. This rolling up and unrolling are 
pci formed by the simultaneous motion of two axes, which arc made to move by the 
clock above mentioned. It may now be readily conceived that, according to the 
position of the vane, one of the pins will present itself to the prepared paper, 
and by jjressing gently against it will leave a mark, the length of which will indicate 
the dm. It ion of the wind. If two neighbouring pins make a mark, at the same time, 
this will indicate that the wind followed a middle direction. 

The part of the anemometer which indicates the force of the wind, consists of a 
mill, after the Polish manner, which revolves faster, according as the wind is stronger. 
Its vertical axis is furnished with a wheel that drives a small machine, which, after a 
certain number of turns, forces a pin agaiii<$t a frame of paper, having a motion 
similar to that of the anemometer above de‘?cribcd. The number of these strokes, 
each of which is mai ked by a hole, on a determinate length <jf this moveable paper, 
denotes the force of the wind, or rather the velocity of the cii eolation of the mill, 
which is nearly in the same proportion. But, for a complete explanation of the 
mechanism, we must refer to the Memoirs of the Academy of Sciences, above 
quoted ; as want of room will not allow us to give a more minute description of it 
ill tnis place. 

Professor Leslie, in bis Essay on Heat, has suggested an anemometer, founded on 
different principles. He found, by experiment, that the cooling power of a stream 
of air is proportional to its velocity ; and putting t for the time in which a body Joses 
an aliquot part of 'its heat in still air, t the time in which it loses the same quantity 
when exposed to the wind, and v the velocity of the wind in miles per hour, be gives 
the following foi mula : 

V = 1 - — . 4i, 

. ‘ 

T and t are found by means of a thermometer, whose bulb is a little more than half 
an inch in diameter, and filled with tinged alcohol. 

When the thermometer is held in still air its temperature is marked ; it is then 
heated hj the application of the hand, till the alcohol liscs a certain number of de- 
grees, and the time which it takes to descend through half that number of degrees is 
carefully marked. Mr. Leslie calls this time the fundamental measure of cooling. 
The same observation is made when the ball is exposed to the wind, and the time 
which the alcohol takes to descend through half the number of degrees that it rose 
is called the occasional measure of cooling. The former of these is t, and the latter 
t,in the above formula, which may be thus expressed in words : 

Divide the fundamental measure of cooling by the occasional measure of coolingt 
and multiply the difference between unity and the quotient by 4J, the product is the 
velocity of the wind, in miles per hour. 

As an example, let us suppose that in still air the temperature is 5(P, and when 
M’armed by the hand it rises to 70°, and that in 100 seconds it falls to G0° ; and 
farther, that when exposed to the wind, and heated by the band, it takes only 10 
second s to fal l through the same number of degrees ; then we have the velocity of 
wind — 1 . = 40J miles per hour. 
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Remark, — Many other forms of anemometers have been invented, in variouf 
countries. Of several of these the descriptions may be seen, with their figures and 
the calculation of their effects, in Dr. Hutton’s Dictionary, under the several articles 
AlfEMOMETER, RESISTANCE, WiND, and WiND-GaGB. 

PROBLRM XLIV. 

Construction of a SteeUyard^ by means of which the weight of a body may be nscer- 
tainedi without weights. 

We shall here describe two instrument^ of this kind ; the one portable and adapted 
Fig. 46. ascertaining moderate weights, such as from 1 to 25 or 30 pounds ; the 
other fixed, and employed for weights much more considerable, and even 
of several thousand pounds. One of the latter kind was used in the 
custom house at Paris; and could he employed with gi eat convenience, 
for weights between 1(X) and 30(K) pounds. 

The first of these steel-yards is represented Fig. 40. It consists of a 
metal tube a n, about six inches in length, and eight lines in diameter, a 
section of which is here given, to *-hew in the inside of it a •spiral steel 
spiing. The upper (‘lul a, is pierced with a square hole, to afford a pas- 
sage to a metal rod, whieh is al^o square ; and which passes through the 
spring, so that it is impossible to draw it upwards, without compressing 
the spnng a^fanist tiie upper end within the tube. To the lower part 
of the tube is allixed a hook, from whieh the body to be weighed is sus- 
pended. 

It is here evident, that if bodies of different weights be applied to the hook, while 
the stecl-jard is suspended hy its ring, they wdl draw down the tube more or less, by 
forcing the upper end of it against the spring. The rod therefoie must be divided, 
by suspending successively from the book different weights, such as one pound, two 
pounds, &c., to the greatest which it can weigh ; and if the part of the rod drawm 
out of the tube each time be marked by a line, accompanied with a figure denoting 
the weight, the iustruinent will be complete. When you intend to use it, nothing is 
necessary but to put your finger into the ring, to raise up the article you intend to 
weigh, suspended from the hook, and to observe, on the divided fare of the rod, the 
division exactly opposite to the edge of the hole: the figure belonging to this division 
will indicate the number of pounds which the proposed body weighs 

The second steel yard consists of two bars, placed back to back, or of a single one 
a BC DE bent in the form seen Fig. 47. The part A B is suspended by a ring from a 
itroiig beam, and the pait D e terminates in a hook at e, from whieh the articles to 
be weigbed are suspended. To the part k d is fixed a rack, 
fitted into a pinion, connected with a wheel, the teeth of which 
are fitted into another pinion, having on its axis an index ; 
and this index makes just one revolution, when the weight of 
3000 pounds is suspended from the hook k. For it may be 
readily seen, that when any weight is suspended from e, the 
spring BCD must be more or less stretched ; this will give 
motion to the rack d f, and the latter will turn the pinion 
into which it is fitted ; and consequently will give motion to 
the wheel and second pinion, having on its axis the index. 
It is also evident, that in constructing the machine, such a 
force may be given to the spring, or its wheels may be com- 
bined in such a roannner, that a determinate weight, asSUOO 
pounds, shall cause the index to perform a complete revolu- 
tion. The centre of motion of this index is in the centre of a 


Fig. 47. 
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circular plate, marked with the divisions, that serve to indicate the weight. These 
divisionsmust be formed by suspending, in succession, weights less than the greatest 
in the arithmetical progression, as 29 hundred weight, 28, 27, &c. This will give the 
principal divisions, which without any considerable error may be then subdivided into 
equal parts. 

When the instrument is thus constructed ; then to find the weight of any article that 
weighs less than 3000 pounds, nothing is necessary but to suspend it to the hook £ ; 
and the index will point out, on the circular plate, its weight in quintals, or hun- 
dreds, quarters, and pounds. 

Remark — It may be proper here to observe, that this method of weighing cannot 
be perfectly exact, unless we suppose that the temperature of the air always remains 
the same ; for during cold weather springs are stifFer, and during hot weather are less 
so. On this account, we have no doubt that there is a difieience between the same 
article weighed at the custom-house at Paris in winter and in summer. In winter it 
must appear to weigh less than it does in summer. 

PROELKM XLV. 

Method of constructing a small fiyuret which when left to itself descends along a small 
stair on its hands and its feet. 

This small machine, the mechanism of which is very ingenious, was a few years 
ago brought from India. It is called the tumbler, because ita motion has a great re- 
semblance to that of those perfoi mers at some of the public places of amusement, 
who throw themselves backwaids resting on tbtir hands; then raise their feet, and 
complete the circle by resuming their former position ; but the figure can perform this 
movement only descending, and along a sort of steps. The artifice of this small ma- 
chine is as follows : 

A B (Fig. 48.) is a small jn'ece of light wood, about two inches in length, 2 lines in 
thickness, and G in breadth. At its two extremities are two holes c and d, W'hich 
serve to receive two small axes, around which the legs and arms 
Fig. 48. Qi the figure aie made to play. At each extremity of the piece 
, of wood there is also a small receptacle, of the form seen in the 
figure, that is to say, nearly concentric with the holes c and d; 
having an oblique prolongation towards the middle of the piece 
of wood, and from the ends of these two prolongations proceed 
two grooves o g and r/, formed in the thickness of the wood, and nearly a line in 
diameter. 

Quicksilver being put into one of these receptacles till it is nearly full, they are 
both c’oscd up by means of very light pieces of pasteboard, applied on the sides. 
To the axis, passing through one of the holes c, are affixed two supporters, cut into 
the form of legs, with feet somewhat lengthened, to give them more stability. And 
to the other axis, passing through D, are affixed two supporters shaped like arms, 
with their hands placed in such a manner as to become a base, when the machine is 
turned backwards. In the last place, to the part g h is applied a sort of head and 
visage, made of the pith of the elder tree, and dressed after the manner of tumblers, 
A belly is constructed of the same substance, and the whole figure is clothed in a 
silk dress, which descends to the middle of the thighs. Having thus given a general 
account of the construction of this small machine, we shall now proceed to explain 
its mode of action. 

Let us first suppose the machine to be placed upright on its legs, as seen Fig. 49 
or 60. No. 1. As all the weight is on one side of the axis of rotation ‘c, because the 
receptacle of the quicksilver on that side is filled, the machine must incline to that 
side, and would be thrown entirely backwards, did not the arms or supporters, turn- 
ing around the axis D, present themselves in a vertical direction ; but as they are 
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Fig, 49, 



shorter than the legs, the machine assumes the position 
represented Fig. 50, No. 2 ; and the quicksilver hnditig 
the small groove c inclined to the horizon, flows with 
impetuosity into the receptacle placed on the side d. 

Let us now suppose that at this moment the machine 
rests on the supports or arms d l, which turn around the 
axis D ; it is evident that, if the empty part of the ma- 
chine is very light, the quicksilver being entirely beyond 
the point of rotation d, will, by its considerable pre- 
ponderance overcome it, and cause the machine to revolve 
around the axis d, which will raise it, and make it turn on 
the other side. But as the supporters c k must neces- 
sarily be longei than the others d l that the line c D 
may have the inclination which 



is necessary to cause the quick- 
silver to flow by the small 
groove o g, from the one rcce[»- 
lacle to the other, the base must 
make a jump double in height 
to the difference of these sup- 
porters ; otherwise the lint* li 
jji, instead of assuming a hori- 
zontal position, would remain 
inclined in a direction contrary 
to that which it ought to have. 

The machine having then at- 
tained to the situation d r. Fig. 
50, No. 3, and the quicksiher 
having passed into the recep- 


tacle on the side c ; it is evident that the same mechanism which will raise it up, 
by making it turn round the point c, will overturn it on the other side, wb.Te the 
two supporters, which revolve round the axis c, present it a base . this will make it 
resume the position of Fig. 50, No. 2: and so on. Hence this motion will be per- 
petual, as long as the machine meets with steps like the first. 


jRcmorAs.— Some particular conditions are required, in order that the supporters 
of the small figure, that is to say its legs and arms, may present themselves in a proper 
manner, to keep it in the position in which it ought to be. 

1st. It is necessary that the gicat supporters, or legs, when they have arrived at 
that point at which the figure, after having thrown itself topsy-turvey, rests upon 
them, should meet with some obstacle, to prevent them or the figure from turning 
any more j this may be done by two small pegs, which meet a prolongation of the 

2d While the figure is raising itself on its legs, it is necessary that the arms should 
perforin, on their axis, a semi-re volution ; that they may present themselves perpen- 
dicular to the horizon, and in a firm manner, when the figure throws itself backward. 
This may be accomplished by furnishing the arms of the figure with two small pulleys, 
concentric to the axis of the motion of these arms, over which are conveyed two silk 
threads, that unite under the belly of the figure, and are fixed to a sinall cross bar. 
joining the thighs towards the middle; this will greatly contribute to their stability. 
These threads must he lengthened, or shortened, till this serni-revolution of the arms 
is exactly performed ; and until the figure, when placed on its four supporters, with 
its face turned either up or down, does not waver; which it would do if these sup- 
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pointers were not bound together in this manner ; and if the large ones, or legs, did 
not meet with an obstacle to prevent them from inclining any farther. 

PROBLEM XLVI. 

To arrange three sticks^ on a horizontal plane^ in such a manner^ that while the 
lower extremities of each rest on that planet the other three shall mutually support 
each other in the air. 

This depends merely on a little mechanical address, and may be performed in the 

Take the first stick a b (Fig. 51), and rest the end a on the 
table, holding the other raised up, so that the stick shall be in* 
dined at a very acute angle. Place above it the second stick, 
with the end c resting on the table. And then dispose the third 
stick E F, in such a manner, that while the end E rests on the 
table, it shall pass below the stick a b, towards the upper end 
B, and rest on the stick c D. These three sticks, by this ar- 
rangement, will be so connected with each other, that the ends 
n, B and p will necessarily remaiji suspended, each supporting the other. 

PROBLEM XLVII. 

To make a soft bodyy such as the end of a candlcy pierce a hoard. 

Load a musket with powder, and instead of a ball put over it the end of a candle ; 
if you then fire it against a board, not very thick, the latter will be pierced by the 
candle-cnd, as if by a ball. 

The cause of this phenomenon, no doubt, is that the rapid motion with which the 
candle-cnd is impelled, does notallow it time to be flattened, and therefore it acts as 
a hai d body. It is the cflfect of the inertia of the parts of matter, as may be easily • 
proved by experiment. Nothing is easier to be divided than water; yet if the palm 
of the hand be struck with some velocity against the surface of water, a considerable 
degree of resistance, and even of pain, is experienced from it, as if a hard body had 
been struck. Nay, a musket ball, when fired against water, is repelled by it, and 
even flattened. If the musket is fired with a certain obliquity, the ball will be re- 
liected ; and, after this reflection, is capable of killing any person who may be in its 
way. This arises from a certain time being necessary to communicate to any body a 
sensible motion. When a body then, moving with great velocity, meets with another 
of a size much more considerable, it experiences almost as much resistance as if the 
latter were fixed. 


following manner. 
Fig, 51. 



PROBLEM XLVITI. 

On the principles hy which the possible effect of a machine can he determined. 

It is customary for quacks, and those who have not a sufficient knowledge of me- 
chanics, to ascribe to machines prodigious eflfccts, fai superior to such as are consistent 
with the principles of sound philosophy. It may therefore be of utility to explain 
here ^^hose principles by which we ought to be guided, in order to form a rational 
opinion respecting any proposed machine. 

Whatever may be the construction of a machine, even supposing it to be mathema- 
tically perfect, that is, immaterial and without friction, its effect, that is to say, the 
weight put in motion, multiplied by the perpendicular height to which it may be 
raised, in a determinate time, cannot exceed the product of the moving power, mul- 
tiplied by the space it passes over in the same time. Consequently, since every 
machine is material, and as it is impossible to get entirely rid of friction, which will 
necessarily destroy a part of the power, it is evident that the first pioduct will always 
be less than the latter. Let us apply this to an example. 



236 


MECHANICS. 


Should a person propose a machine, which by the strength of one man applied to a 
crank, or the lever of a capstan, shall raise in an hour 3500 gallons of water, to the 
height of 24 feet ; we might tell him, that he was ignorant of the principles of 
mechanics. 

For the strength of a man applied to a crunk, or to draw or push any weight, is 
only equal to about 26 or 28 pounds, witli a velocity at nio^t of 1 1000 feet per hoiii ; 
and he could labour no more than 7 or 8 hours in succession. Now, us the product 
of 11000 by 28 is 308000, if thi& product be divided by 24, the height to which the 
water is to be raised, the quotient will be 12833 pounds, of water, or 20G cubic feet = 
1540 gallons raised to that height; which makes about 60 gallons, pei minute, to the 
height of 10 feet. This is all that could be produced by such a power in the raoht 
favourable case. But the more complex the machine, tlie gieater is the resistance to 
be surinounted ; so that the product would never be nearly equal to the above 
effect. 

In a machine, where a man should act by bis ow’n weight, and in walking, the ad- 
vantage would not be much greater: for all that a man could do by walking, with- 
out any other weight than that of his body, on a plane inclined at an angle of 30 
degrees, would be to pa<!s over 6000 feet per hour, especirilly if he had to walk in this 
manner for 7 or 8 hours. But here it is the perpendicular height alone, w'hich in this 
case is 3(K)0feet, that is tobj considered : the product ot 3000 1)> 150 pounds, which 
is the average weight of a man, is 4.50000; the gieutest effect therefore of such a 
machine, would be 450000 pounds, raised to the heirlit of one foot, or 18750 to the 
height of 24 feet, or about 00 gallons per minute, to the height of 10 feet. By taking 
an arithmetical mean hotvveen this determination and the preceding, it will be found 
that the mean product p<j-sible of the strength of a man, employed to put in motion 
a hydraulic michine, is at most 75 gallons per minute; cspeeially if continued for 7 or 
^ hours in the day. 

If the power w’cre to act only for a very short time, as 3, 4, or 5 minutes, the 
product indeed might appear more considerable, and about donlilc. This is one of the 
artifices einplo}ed by meclinnicians, to prove the superiority of their machines. They 
put them in motion for some minutes, by vigorous people, who make a momentary 
effort, and thus cause the product to appear much greater than it leally is. 

The above determination agrees pretty w'ell with that given by Desaguliers in his 
Treatise on Natural Philosophy: for be assured himself, he says, by calculation, that 
the effect of the simplest and most perfect machines, put in motion by men, never 
gives, in the ratio of each man, above 72 gallons of water per minute raised to the 
height of 10 feet, 

A circumstance, very necessary to be known in regard to machines which are to be 
moved by horses, is as follows : a horse is equal to about seven men*, or can make an 

• C. Rcgnier, in his description of the Dvnanonieter, an instrument invrnted by him for the pur- 
pose of dt'termininr the relative strength of men and horses, published in the Journal de TKcnle 
roI>tecbnique,*’ vol. ii p. 100, su>s, that fmm the rcMiltof ull bis experiments it appears, that the 
mean term of the maximum of the strength of ordinary men, to raise a we ght, is about pounds 
averdupois , winch agrees with the experiments of Uelahire, but which Desaguliers ronsid» r« d as 
fajo small. In regard to horses, be siys, that by taking 'he mean results given hy four hoises, of the 
middle siae, subjected to trial one after the other, the strength of oidinary horses may be estimated 
at 704 pounds averdupois. 

In comparing the relative force of men with that cf horses, when the former draw a cart or boat by 
the help of a rope, after various trials, he found that the maximum of the stren’tbof oidmar) men, 
in dragging a horizontal weit’ht, b> the help of a rope, is eijual to 110 pounds averdupois, and that 
of the Strongest does not exceed 132 pounds aveidiipois. These difTerent trials ag eepietty well with 
the general received opinion , that a hoi §e is seven times as stronc as a man. 'I his principle, however, 
cannotbe admitted in all cases ; fur it is known b> experin.ent that a hot^e would sink uuder a burden 
seven times as heavy as that which a man can supjiOit when standing upright, it may readily be 
conceived that what has been here said I'espectitig men and horses, is not applicalde to daily and 
incessant labour ; but we may deduce from it this very just consequence, *hat both cun act for a 
whole day, when employing a fifth of ibeir absolute forces. According to the nboy** results, tlii re- 
fore, the power which an ordinary man can eateit fur a continuance in dragging or pulling, is equal 
to no more than about 23 pounds, and that of the stioiigest to about 30 pounds. 
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effort in a horizontal direction of 210 pounds, moving with the velocity of lOOOO or 
1 1000 feet per hour, supposing he is to work 8 or 10 hours per day. Desaguliers even 
gives less, and thinks that the force of a man is to be only quintupled to find that 
of the horse. 

Those who are acquainted with these principles, will run no risk of being deceiveo 
by ignorant or pretended mechanicians; and it is no small advantage to be able to 
avoid becoming the dupe of such men, whose aim is often to pick the pockets of those 
who are so simple as to listen to them. 

PROBLEM XLIX. 

Of the Perpetual Motion, 

The perpetual motion has been the quicksand of mechanicians, as the quadrature 
of the circle, the triseclion of an angle, &c., have been that of geometricians : and as 
those who pretend to have discovered the solution of the latter problems are, in 
general, persons scarcely acquainted with the principles of geometry, those who search 
for, or imagine they have found, the perpetual motion, are always men to whom the 
most certain and invariable truths in mechanics are unknown. 

It may be demonstrated indeed, to all those capable of reasoning in a sound manner 
on those sciences, that a perpetual motion is impossible : for, to be possible, it is 
necessary that the effect should become alternately the cause, and the cause the 
effect. It would be necessary, for example, that a weight, raised to a certain height 
by another weight, should in its turn raise the second weight to the height from which 
it descended. But, according to the laws of motion, all that a descending weight 
could do, in the most perfect machine which the mind can conceive, is to raise another 
in the same time to a height reciprocally proportional to its mass. But it is impos- 
sible to construct a machine in which there shall be neither friction nor the resistance 
of some medium to be overcome; consequently, at each alternation of ascent and 
descent, some quantity of motion, however small, will alwajs be lost: each time 
therefore the weight to lie raised will ascend to a less height ; and the motion will 
gradually slacken, and at length cease entirely, 

A moving piincjplehas been sought for, but without success, in the magnet, in the 
gravity of tlic atmosphere, and in the elasticity of bodies. If a magnet be disposed 
in such a manner as to facilitate the ascension of a weight, it will afterwards oppose 
its dpscent. Springs, after being unbent, require to be bent by a new force equal to 
that which they exercised ; and the gravity of the atmosphere, after forcing one side 
of the machine to the lowest point, must be itself raised again, like any other weight, 
in order to continue its action. 

We shall however give an account of vaiious attempts to obtain a perpetual motion, 
because they may serve to shew how much some persons have suffered themselves 
to be deceived on this subject. 

Fig. 52 represents aJarge wheel, the circumference of 
which is furnished, at equal distances, with levers, each 
bearing at its extremity a weight, and moveable on a binge, 
so that in one direction they can rest upon the circum- 
ference, while on the opposite side, being carried away by 
the weight at the extremity, they are obliged to arrange 
themselves in the direction of the radius continued. 
This being supposed, it Is evident that when the wheel 
turns in the direction ah the weights a, b and c will 
recede from the centre ; consequently, as they act with 
more force, they will carry the wheel towards that side ; 
and as a new lever will be thrown out, in proportion as 
the wheel revolves, it thence follows, say they, that the wheel will continue to move 


Fig. .52. 
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in the same direction* But notwithstanding the specious appearance of this reasoning, 
experience has proved that the machine will not go ; and i# may indeed be demon- 
strated that there is a certain position, in which the centre of gravity of all these 
weights is in the vertical plane passing through the point of suspension, and that 
therefore it must stop. 

Fig, 53. The case is the same with the following machine, which it 

would appear ought to move also incessantly. In a cylindric 
drum, in perfect equilibrium on its axis, are formed channels 
as seen in Fig. 53, which contain balls of lead, or a certain 
quantity of quicksilver. In consequence of this disposition, 
the balls or quicksilver must, on the one side, ascend by ap- 
proaching the centre ; and on the other must roll towards the 
circumference. The machine then ought to turn incessantly 
towards that side. 

A third machine of this kind is represented Fig. 54. It con- 
Fig, 54. sists of a kind of wheel formed of six or eight arms, proceeding 

from a centre, where the axis of motion is placed. F4ach of 
these arms is furnished with a receptacle in the form of a pair 
of bellows ; but those on the opposite arms stand in contrary 
directions, as seen in the figuie. The moveable top of each 
receptacle has affixed to it a weight, which shuts it in one si- 
tuation, and opens it in the other In the last place, the bellow** 
of the opposite arms have a communication by means of a canal, 
and one of them is filled with quicksilver. 

These things being supposed, it is visible, that the bellows on the one side must 
open, and those on the other must shut; consequently the mercury will pass from the 
latter into the former, while the contrary will be tlie case on the opposite side. 

It might be difficult to point out the deficiency of this reasoning: but those ac- 
quainted with the true principles of mechanics w'lll not hesitate to bet a hundred to 
one that the machine, when constructed, will not answer the intended purpose. 

The description of a pretended perpetual motion, in which bellows, to be alter- 
nately filled with and emptied of quicksilver, were employed, may be seen in the 
** Journal des Sravans,” for 1685. It was refuted by Bcrnuulli, and some others, 
and it gave rise to a long dispute. The best method which the inventor could have 
employed to defend his invention, would have been to construct it, and shew it in 
motion ; but this was never done. 

We shall here add another curious anecdote on this subject. One Orfyreus 
announced at Leipsic, in the year 1717, a perpetual motion, consisting of a wheel, 
which would continually revolve. This machine was constructed for the landgrave 
of Hesse-Cassel, who caused it to be shut up in a place of safety, and the door to 
be sealed with his own seal. AX the end of forty days, the door w^as opened, and 
the machine was found in motion. This however affords no proof in favour of a 
perpetual motion : for as clocks can be made to go a year without being wound 
up, Orfyreus’s wheel might easily go forty days, and even more. 

The result of this pretended discovery is not known : we are informed, by one 
of the journals, that an Englishman offered 80000 crowns for this machine ; but 
Orfyreus refused to sell it at that price ; in this he certainly acted wrong, as there is 
reason to think that he obtained by bis invention neither money nor even the ho- 
nour of having discovered the perpetual motion. 

The Academy of Painting, at Paris, possessed a clock, which had no need of being 
wound up, and which might be considered as a perpetual motion, though it was not so. 
But this requires some explanation. The Ingenious author of this clock employed 
the variations in the state of the atmosphere, for winding up bis moving weight : 
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various artifices might be devised for this purpose ; but this is no more a perpetual 
motion, than if the flux and reflux of the sea were employed to keep the machine 
continually going ; for this principle of motion is exterior to the machine, and forms 
no part of it. 

JBut enough has been said on this chimera of mechanics We sincerely hope that 
none of our leaders will ever lose themselves in the ridiculous and unfortunate laby- 
rinth of such a research. 

To conclude, it is false that any reward has been promised by the European 
powers to the person who shall discover the perpetual motion ; and the case is the 
same in regard to the quadrature of the circle. It is tins idea, no doubt, that excites 
bo many to attempt the solution of these problems; and it is proper they should be 
undeceived. 


PROBLEM L. 

To detet mine the height of the arched ceiling of a churchy by the vibrations of the 
lamps suspended from it. 

For this invention we are indebted, it is said, to Galileo, who fiist ascertained the 
ratio of the duration of the oscillations made by pendulums of diffeient lengths.* 
But in order that this method may have a certain degree of exactness, the weight 
of the lamp ought to be several times greater than that of the cord by which it is 
suspended. 

This being supposed, put the lamp in motion by removing it a very little from its 
perpendicular direction, or carefully observe that communicated to it by the air, 
which is very common ; and with a stop-watch find how many seconds one vibration 
continues, or, if a stop-watch is not at hand, count the number of vibrations per- 
formed iri a certain number of minutes: the greater the number of minutes, the 
more exact will the duration of each vibration be determined ; for nothing will then 
be necessary, but to divide those minutes by the number of vibrations, and the quo- 
tient wdll be the duration of each in minutes or seconds. 

We shall here suppose that it has been found, by either of these methods, that the 
time of each vibration is seconds; square 5^, which is 30j, and multiply by it 39^ 
inches, the length of a pendulum that swings seconds in the latitude of London, the 
product will be 98 ft. 7 in. 6 lin., which will be nearly the height from the point of 
suspension to the bottom or rather centre ot the lamp. 

If the distance from the bottom ot the lamp to the pavement be then measured, 
W'hich may be done by means of a stick, and added to the former result, the sum 
will give the height of the arch above the pavement. 

This solution is founded on a pioperty ot pendulums, demonstrated in mechanics; 
which is, that the squares of the times of the vibrations are as the' lengths ; so that 
a pendulum four times the length of another, performs vibrations which last twice 
as long. 

But on account of the irregular form of the lamp, and the weight of the rope 
which sustains it, we must confess that this method is rather curious than exact. 
We shall, however, present the reader with another problem of the same kind. 

PROBLEM LI. 

To measure the depth of a well, by the time elapsed between the commencement of the 

fall of a heavy body, and that when the sound of its fall is conveyed to the ear. 

Have in readiness a small pendulum that swings half seconds, that is to say, 

f hidetfd, it aeeint it was by that author acciden«'ally obfienring the uniformity in the interval of 
the swinp of the suspended lamps, that he first took the hint of emph'ving the oscillatious oi peu- 
dulous hodies, or pendulums, for the purpose of measuring time. And hence the invention of pen- 
dulum clocks. 
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^ inches in length, between the centre of the ball, and the point of suspension. 
You must also employ a weight of some substance as heavy as possible, such for 
example as lead ; as a common stone or pebble experiences a considerable retardation 
in fulling, and therefore would not answer the purpose so well. 

Let go the weight and the ball of the pendulum at the same moment of time, and 
count the number of vibrations the latter makes, till the moment when you hear the 
sound. We shall here suppose that there were ten vibrations, which make five 
seconds. 

As a heavy body near the earth’s surface falls about IG^ feet in one second of 
time, or for this purpose 16 feet will be exact enough ; and as sound moves at the 
rate of 1142 feet per second; multiply together 1142, 16, and 5, which will give 
91360, and to 4 times this product, or 365440, add the square of 1142, which is 
1304164, and the sum will be 16G9604 ; aud if from the square root of the last number 
= 1292 the number 1 142 be subtracted, the remainder 150, divided by 32, will give 
4*69 for the number of seconds which e’apsed during the fall of the body: if this 
remainder be subtracted from 5, the number of seconds during which the body was 
falling and the sound returning. We shall have 0*31 for the time which the sound 
alone employed before it reached the ear; and this number multiplied by 1142, will 
give for product 354 feet = the depth of the well. 

This 1 ulc, which is rather complex, is founded on the property of falling bodies, 
which are accelerated in the ratio of the times, so that the spaces passed over increase 
as the squares of the times*. But as the resistance of the air, vibich in considerable 
heights, such as those of several hundred feet, does not fail to retard the fall in a 
sensible manner, has been neglected, the case of this problem is nearly the same as 
with the preceding ; that is to say, the holutioii is rather curious than useful. 


♦ For the sake of our algebiaical reatleiN we rtiaP h«‘re shew how to find the formula from which 
the above rule \n deduct'd' Let a = 5, 6 = 1 c = 1 142, and let x be the time which the body 
emplnya in falling, consequently a — x will he the time of the sound returning. I’hen as 1" ^ 6 
* * 0?^ * 6 = depth of the well ; aud 1 * C *, I a — xl C a— -Cxxz: depth of the well also; 

therefore h a — C J, and by transposition aud division^ ‘-j“ ^ t^onipleting the 
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the tune of descent. Consequently 
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Hence, fiom the expression — — a much simpler rule Is obtained for the time of the descent, 

ab-\;~c 

which is as follows: Multiply 1142 by 5, which gives for product 5710; then multipl-y als > Ifl by 5, 
whudi gives 80, to which add 1142, this gives 1222, by which sllmd^^ide the first product 5710, und 
the qnotient 468 will be the time of descent, nearly the same as before. 'fbiB t.ikeu from 5 Ieav« s 
0*82 for tue time of the ascent; which multiplied by 1142, gives 365 fur the depth, difiertug but 
little from the former more exact number. 
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HISTORICAL ACCOUNT OP SOME EXTRAORDINARY AND CELEBRATED 
MECHANICAL WORKS. 

• 

An essential part might seem wanting to this work if we neglected to give some 
account of the various machines most celebrated both among the ancients and moderns. 
We shall therefore take a cursory view of the rarest and most singular inventions, 
produced by mechanical genius, in different ages. 

I. Of the machines or automatons of Archytas^ Atchmedes, Hero^ and Ctesihius, 

Some macliines of this kind are mentioned in ancient history, in terms of the ut» 
most admiration. Such were the tripod automatons of Vulcan ; and the dove of 
Archytas, which,, as we are told, could fly like a real animal. We have no doubt, 
however, that the wonderful properties ot these machines, if they ever really existed, 
have been greatly exaggerated by credulity; and by the accounts of them being 
handed down through such a long series of ages. We are told also of the moving 
sphere of Archimedes, in which, as appears, that celebrated philosopher had re- 
presented all the celestial motions, as they were then known; and this, no doubt, 
was a master-piece of mechanism for that remote period. Every one is acquainted 
with the famous veisos of Claudian on this machine. 

Several wonderful machines were constructed also by Hero and Ctesibiiis of 
Alexandria. An account of some of those invented by Hero may be seen in u 
book called Spiritaha. Some ot them are very ingenious, and do honour to the 
talents of that mechanician. 

II — Of the machines ascribed to Albert the Greats and to Regiomontanus. 

That ignorance, in the darkness of which all Europe was involved, from the 
sixth or seventh century to the fifteenth, did not entirely extinguish mechanical 
genius. We are t^ld that the ambassadors sent by the king of Persia to Char- 
lemagne brought, as a present to the latter, a machine, which, according to the 
description given of it, would have done honour to our modern mechanicians j 
for it appears to have been a striking clock, which had figures that performed 
various movements. It is indeed true that, while Europe was immersed in igno- 
lance, the arts and sciences diffused a gleam of light among the nations of the 
East. In regard to those of the West, if we can believe what is related of 
Albert the Great, who lived in the thirteenth century, that mathematician con- 
structed an automaton in the human form, which when any one knocked at the 
door of its cell, came to open it and sent forth some sounds, as if addreiising 
the person who entered. At a period later by some centuries, Regiomontanus, 
or John Muller of Konigsberg, a celebrated astronomer, constructed an automaton 
in the figure of a fly, which walked around a table. But these accounts are 
probably very much disfigured by ignorance and credulity. The following however 
are instances of mechanical skill, in which there is much more of reality. 

III.*— O/* various celebrated Clocks. 

In the fourteenth century, James Dondi constructed for the city of Padua a clock, 
which was long considered as the wonder of that period. Besides indicating the hours, 
it represented the motion of the sun, moon, and planets, as well os pointed out the 
different festivals of the >ear. On this account, Dondi got the surname of Horologio, 
which became that of his posterity. A little time after, William Zelandin constructed, 
for the same city, one still more complex ; which was repaired in the sixteenth 
century byjanellus Turrianus, the mechanician of Charles V. 
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But the most celebrated works of this kind are the clocks of the cathedrals of Stras- 
Durgh and Lyons. That of Strasburgh was the work of Conrad Dasypodius, a mathe- 
matician of that city, who lived towards the end of the sixteenth century, and who 
finished it about the year 1573. It is considered as the first in Europe. At any rate 
there is none but that of Lyons which can dispute pre-eminence with it, or be com- 
pared to it in regard to the variety of its effects. * 

The face of the basement of the clock of Strasburgh exhibits three dial-plates ; one 
of which is round, and consists of several concentric circles ; the two interior ones 
of which perform their revolutions in a year, and serve to mark the days of the year, 
the festivals, and other circumstances of the calendar. The two lateral dial-plates are 
squaie, and serve to indicate the eclipses, both of the sun and the moon. 

Above the middle dial-plate, and in the attic space of the basement, the days of 
the week are represented by different divinities, supposed to preside over the planets 
from which their common appellations are derived. The divinity of the current 
day appears in a car rolling over the clouds, and at midnight retires to give place to 
the succeeding one. 

Before the basement is seen a globe, borne on the wings of a pelican, around 
which the sun and moon revolved; and whieb in that maimer represented the motion 
of these planets ; but this part of the iiiaebine, as well as several others, has been 
deianged for a long time. 

The ornamented turret, above this basement, exhibits chiefly a large dial, in the 
form of an astrolabe; which shews the annual motion of the sun and moon through 
the ecliptic, the hours of the day, &c. The phases of the moon arc seen also marked 
out on a particular dial-plate above. 

This work is remarkable also for a considerable assemblage of bells and figures, 
which perform different motions. Above the dial-platc last mentioned, for example, 
the foul ages of man are represented by symbolical ligiires; one passes every quarter 
of an hour, and marks the quaiter by striking on small bells; these figures are fol- 
lowed by death, who is expelled b) Jesus Chiibiiisen from the giave ; who however 
permits it to sound the liour, in onler to warn man that tune is on the wing. Two 
feinall angels perform movements also; one striking a bell with a sceptre, while the 
other turns an hour-glass, at the expiration of an hour. 

Ill the last place, this work was decorated with various animals, wdiich emitted 
sounds similar to theii natural voices; but none of them now remain except the cock, 
which crows immediately before the hour strikes, first stretching out its neck and 
clapping its wings. The voice of this figure however is become so hoarbc as to be 
much less harmonious than the voice of that at Lyons, though the latter is attended, 
in a considerable degree, with the same defect. It is to b« regietted that a great 
part of this machine is entirely deranged. It would be woithy of the illustrious me- 
tropolitan chapter of Strasburgh to cause it to he repaired: vve have heard indeed 
that it has been attempted ; but that no artist could be found capable of pci forming it. 

The clock of the cathedial of Lyons is of less size than that of Strasburgh ; but is 
not inferior to it in the variety of its inovt*ments ; and it has the advantage also of 
being in a good condition. It is the work of Lippius de Basic, and was exceedingly 
well repaired in the last century by an ingenious clock- maker of Lyons, named Nou- 
risson. Like that of Strasburgh, it exhibits, on different dial-plates, the annual and 
diurnal progress of the sun and moon, the days of the year, their length, and the 
whole calcndai, civil as well as ecclesiastical. The days of the week arc indicated by 
symbols more analogous to the place where the clock is erected *, the hours are an- 
nounced by the crowing of the cock, three times repeated, after it has clapped its 
winge, and made various other movements. When the cock has done crowing, angels 
appear, who, by striking various bells, peiform the air of a hymn; the annunciation of 
the Virgin is represented also by moving figures, and by the descent of a dove from 
the clouds ; and after this mechanical exhibition, the hour strikes. On one pf the 
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Bides of the clock is seen an oval dial-plate, where the hours and minutes are Indi- 
cated by means of an index, which lengthens or contracts itself, according to the 
length of the semi-diameter of the ellipsis over which it moves. 

A very curious clock, the work of Martinot, a celebrated clock-maker of the 
seventeenth century, was to be seen in the royal apartments at Versailles. Before 
it*struck the hour, two cocks on the corners of a small edifice crowed alternately, clap- 
ping their wings; soon after two lateral doors of the edifice opened, at which appeared 
two figures bearing cymbals, beat upon by a kind of guards with clubs. When these 
figures had retired, the centre door was thrown open, and a pedestal, supporting an 
equestrian statue of Louis XIV., issued from it, while a group of clouds separating 
gave a passage to a figure of Fame, which came and hovered over the statue. An 
air was then performed by bells ; after which the two figures re-entered ; the two 
guards raised up their clubs, which they lowered as if out of respect for the presence 
of the king, and the hour was then struck. Though all these things arc easy for 
ingenious clock-makeis of the piesciit day, when we come to treat of Astronomy 
we shall give an account of some machines of this kind, purely astronomical, which 
do honour to the inventive genius of those by whom they were constructed, 

IV . — Automaton machines of Father Truchet^ M, CamuSy and M. de Vaucanson, 

Towards the end of the seventeenth century, Father Truchet,of the Royal Academy 
of Sciences, constructed, for the ainusement of Louis XIV., moving pictures, which 
were couaidered as very remarkable master-pieces of mechanics. One of these pic- 
tures, which that monarch culled his little opeia, represented an opera of five acts, and 
changed the decorations at the commencement of each. The actors performed their 
parts ill pantomime. The representation could be stopped at pleasure ; this etfect was 
produced by letting go a catch, and by means of another the scene could be made to 
rc-commencc at the place where it had been interrupted. Thi» moving pictuic was 
sixteen inches and a half in breadth^ thirteen inches four lines in height, and one 
inch three lines in thickness, for the play of the machinery. An account of this piece 
of mechanism may be found in the eulogy on Father Truebet, published in the 
Memoirs of the Academy of Sciences, foi the vear 172.9. 

Another very ingenious machine, apd in our opinion much more difficult to be 
conceived, is that desciibed by M. Camus, a gentleamu ot Lorrain, who says he 
constructed it for the amusement of Louis XIV., when a child It consisted of a 
small coach, drawn by two horses, in which was the figure of a lady, with a footman 
and page behind. 

If we can give credit to what is stated in the work of M. Camus, this coach being 
placed at the extremity of a table of a determinate size, the coachman smacked bis 
whip, and the horses immediately set out, moving their legs in the same manner us 
real horses do. When the carriage reached the edge of the table, it turned at a right 
angle, and proceeded along that edge. When it arrived opposite to the place where 
the king was seated, it stopped, and the page getting down opened the door, upon 
which the lady alighted, having in her hand a petition which she presented with a 
curtsey. After w’^aiting some time, she again curtseyed, and re-entered the carriage ; 
the page then resumed his place, the coachman whipped his horses, which began to 
move, and the footman, running after the carriage, jumped up behind it. 

It is much to be regretted that M. Camus, instead of confining himself to a general 
account of the mechanism which he employed to produce these effects, did not enter 
into a more minute description ; for, if they are true, it must have required a very 
singular artifice to produce them, and the same means might be applied {o machines 
of greater utility. 

About thirty or thirty-five years ago, three veiy curious machines w’ere exhibited 
by M. de Vaucanson, viz., an automaton flute-player, a player on the flageolet andtamv 
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bourine, and an artificial duck. The first played several airs on the flute, with a 
precision greater perhaps than was ever attained to by the best living player, and 
even executed the tonguing, which serves to distinguish the notes. According to 
M. de Vaucanson, this part of the machinery cost him the greatest trouble. In a 
word, the tones were really produced in the flute by the proper motion of the 
fingers. 

The player on the flageolet and tambourine performed also some airs on the first 
of these instruments, and at the same time kept continually beating on the latter. 

But the motion of the artificial duck, in our opinion, was still more astonishing; 
for it extended its neck, laised up its wings, and dressed its feathers with its bill; it 
picked up barley from a trough, and swallowed it ; drank from another, and, after 
various other movements, voided some matter resembling excrements. The first 
time I saw these machines I immediately discovered some of the artifices employed 
in regard to the two former, but 1 confess that the latter baffled my penetration. 

We have also of late been amused, by M. Droz and M. Maillardet, &c., with the 
surprising performances of the chess-players, the small but sweet singing-bird, the 
writing figure, the musical lady, the conjurer, the tumbler, &c. &c. 

V . — Of the Machine at Marly, 

It will doubtless be allowed, that the machines above mentioned are, in general, 
more curious than useful ; but there are other two, the celebrity and utility of which 
require that we should here give them a place. These are the machine of Marly, and 
that known under the name of the steam engine. We shall begin wuth the former, 
of the construction and effects of which the following brief description will give 
some idea. 

The machine of Marly consists of 14 wheels, each about 30 feet in diameter, 
moved by a stream of water, confined by an estacadc, and received into so many 
separate channels. Each wheel has at the extremities of its axis two cranks, and 
this forms 28 powders, distributed in the following manner. 

It must however be first observed, that the w'atcr is raised, to the place to which 
it is to be conveyed, by three different stages, first from the river to a reservoir, at 
the elevation of 100 English feet above the level of the Seine ; then to a second 
reservoir 340 feet higher ; and from the latter to the summit of a tower, somewhat 
more than 633 feet above the river. 

Of the 28 cranks above mentioned, eight are employed to give motion to 04 
pumps ; which is done by means of working beams, having four pistons at each ex., 
tremity of their arms : this makes eight to each working beam, which are drawn up 
and pushed down alternately. These 04 pumps force up the water to the first reser. 
voir ; and this reservoir furnishes water to the fiist well, on which is established the 
second set of pumps. 

Eleven more cranks are employed to force the water from the first well to the 
second reservoir. This is done by means of long arras adapted to these cranks, 
which move large frames, to one of the arms of which are attached strong iron 
chains, that extend from the bottom of the mountain to the first well. These 
chains, called chevaletSj are formed of parallel bars of iron, the extremities of which 
are bound together by iron bolts, and are supported at certain intervals by transversal 
pieces of wood, moveable on an axis, that passes through the middle of each ; so 
that when the upper bar of iron, for example, is drawn down by the low’er end, all 
these pieces of wood incline in one direction, and the lower bar moves backwards 
and pushes in a direction contrary to the upper one. These bars or chains serve to 
put in motion the working beams, or squares, and the latter move the pistons of 80 
sucking and forcing pumps, which raise the water from the first well to the second 
yeservoir. 
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In tbe last place, nine other cranks, by a similar mechanism, put in motion those 
chains, called the granda chevaleta, which move the pumps of the second well, 
and raise the water from it to the summit of the tower. These pumps are in num- 
ber seventy-two. 

Such, in a few words, is the mechanism of the machine of Marly. Its mean product, 
as said, is from 30000 to 40000 j^allons of water per hour. We make use of the 
term mean product, because at certain times it raises 60000 gallons, but only under 
very favourable circumstances. During inundations, when the Seine is frozen, when 
the water is very low, or when any repairs are making, the machinery stops, either 
entirely or in part. We have read that in the year 1685 it raised 70000 gallons per 
hour ; but this we can scarcely believe, if by that qumitity is understood its mean 
product; as it would be above 1000 gallons per minute. 

However this may be, the following calculation is founded on details collected on 
purpose. The annual expense of the machine, including tbe salaries of those who 
superintend it, and the wages of the workmen employed, together with repairs, ne- 
cessary article'., fire., may amount to about £.3300 steiling, or £9 per day; which 
makes about 1 farthing per 90 gallons. But if we take into this account the in- 
terest of the £333000 which, it is said, were expended in the construction of it, 90 
gallons will cost 3 halfpence, which is at the rate of a fai thing for 15 gallons. This 
is very far from the price which the king of Denmark thought he might set on this 
water; for that piince, when he paid a visit to Marly, in the year 1769, be'ng as- 
tonished, no doubt, at the immensity of the machine, the multitude of its move- 
ments, and the number of the workmen it employed, observed that the water 
perhaps cost as much as wine. By the above calculation, the reader may see how 
far his majesty was mUt.ikcn. 

It is an important question to know, whether the machine of Marly could be sim- 
plified. On this sulijcct ue shall give a few observations, which from some experi- 
ments made, and a minute examination of the different parts of the machine, appear 
to be founded on probability. 

People in general are surprised that the inventor of this machine should cause the 
water, in some measure, to make two rests befoie it is conveyed to the summit of 
the tower. It has been humorously said, that he no doubt thought the water would 
De too much fatigued to ascend to the perpendicular height of more than 533 feet, all 
at one breath. It is more probable that he thought his moving force would not be 
siirRcient to raise the water to that height; but this is not agreeable to theory; for 
it is found by calculation, that the force of one crank is more than suflieient to raise 
a cylinder of water of that altitude, and above 8 inches in diameter. Able mechani- 
cians however are of opinion, that though this be not impossible, to carry it into 
execution would be attended with great inconveniences, which it would be too tedioui 
to explain. 

But it appears certain at present, that .the water might be raised in one jet to the 
second well. This results from two experiments, one made in 1738, and the other 
in 1775. In tbe first, M. Camus, of the Royal Academy of Sciences, endeavoured to 
make the water rise in one jet to tbe tower : his attempt was not attended with 
success, but he made it rise to the foot of the tower, which is considerably higher 
than the second reservoir ; hence it follows, that if he had confined himself to making 
the water rise in one jet to the second reservoir, he would have succeeded. It is 
said that, during this experiment, the machine was prodigiously strained ; that it 
was even'found necessary to secure some parts of it with chains; that it required 
twenty.four Iiours to force it to that height, which is about 480 feet, and that it wag 
not possible to make it go farther. The object of the second trial, made in 1775, 
was to raise the water only to tbe second well. It indeed ascended thither at differ- 
ent times, and in abundance ; but the pipes werq exceedingly strained at the bottom^ 
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80 that several of them burst ; and it was necessary to suspend and recommence the 
experiment several times. It is however evident that this arose from the age of the 
tubes and their want of strength, as they bad not the proper thickness ; a fault which 
might have been easily remedied. Here then w’e have one step towards the improve- 
ment of the machine ; and it results from this trial, that the chains which proceed from 
the river to the first well, might be suppressed, and even the first well itself. 

It still remains to be determined, whether the water could be made to ascend, in 
one jet, to the summit of the tower. This would be a very curious experigpent ; but 
no doubt dilficult and expensive, because it would be necessary to make considerable 
changes in different parts of the machine ; and even in the case of its succeeding, the 
water raised might perhaps be in such small quantity, that it would be better to retain 
the present mechanism. 

It is proba])le that various improvements might be made in different parts of the 
machine. In several positions, the moving forces act only obliquely, which occasions 
a great loss of power, and must tend to render the machine less effectual. The 
form of the pistons, valves, and aspiration tubes, might perhaps admit also of 
some change. But as this is not the place for entering into these details, we 
shall proceed to the Steam Engine, of which we piomised to give a short 
description. 


VI . — Of the Steam Engine, 

The Steam Engine is that perhaps in which the genius of mechanism has been 
manifested in the highest degree ; for no idea could be more happy than that of 
employing alternately, as moving powers, the expansive force of the steam of 
water, and the wcigiit of the atmosphere. Such indeed is the principle of this inge- 
nious machine, which is at present employed with so much success in pumping water 
from mines, and Ibi a variety of other pui*pos>cs in the arts and manufactures. 

The fiist part ot this macliine is a large boiler, to the cover of which is adapted n 
hollow cylinder, two, three, or four feet in diameter. A communication is formed 
between the boiler and the cylinder hy an aperture, capable of being opened or shut. 
Into this cylinder is fitted a piston, the rod of which is made fast to the extremity of 
one of the arms of a working beam, having at the extremity of its other arm the weight 
to he raised, which is generally the piston of a second pump, adapted to raise water 
from a great depth. The whole must he combined in such a manner that when the air 
or steam has free access into the cylinder, which communicates with the boiler, 
the weight alone of the apparatus affixed to the opposite arm shall be capable of 
racing that piston. 

Let us now suppose the boiler filled with water to a certain height, and that it ii 
brought to a state of complete ebullition by a large fire kindled below the boiler. 
As a part of this water will continually rise in steam, when the communication 
between the boiler' and the cylinder is opened, this vapour, which is elastic, will 
introduce itself info it, and raise the piston; as its force is equivalent to that of air. 
Let us suppose also that the piston, when it attains to a cei tain height, by means 
of some mechanism, which may be easily conceived, moves a certain part of the 
machine, which intercepts the communication between the boiler and the cylinder ; 
and, in the last place, that by the same cause a jet of cold water is thrown beneath 
the bottom of the piston in the cylinder, so as to fall down through the vapour in 
the form of rain. At that moment the steam will be condensed into water ; a vacuum 
will be formed in the cylinder ; and consequently the piston will be then charged with 
the weight of the atmosphere above it, or a weight equivalent to a column of water 
of the same base and 32 feet in height. If the piston, for example, be 52 inches in 
diameter, as is the case in the steam-engines of Montrelais, near Ingrande, this 
weight will be equal to 29450 pounds : the piston will consequently be obliged to 
deseend Mrith a force equal to nearly 30000 pounds, and the other arm of the working 
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beam, if it be of tbe same length, will act with an equal force to overcome the 
resistance opposed to it. When the piston has made this first stroke, the communi- 
cation between tbe boiler and the cylinder is restored the steam of the boiling 
water again enters it, and the equilibrium between the air of the atmosphere and the 
inside of the cylinder being re-established, the weight of the apparatus affixed to the 
other end of the working beam descends, and raises the piston ; the same play as 
before is renewed ; the piston again falls, and the machine continues to produce its 
effect. 

It may be readily conceived, that we must here confine ourselves to this short 
sketch ; tor a long desciiption and a variety of figures would be necessary to give a 
correct idea of the many different parts requisite to produce this effect ; such as that 
which opens and shuts the communication between the boiler and the cylinder ; that 
which injects cold water into the cylinder; those which serve to evacuate the air 
and water formed in the inside of the cylinder ; the regulator necessary to prevent 
the steam, when it becomes too strong, from bursting the machine, &c. For farther 
details therefore we must refer the reader to tho‘»e authors who have purposely 
treated of this machine; such as Bedidor in his “ Arehiteetiire Hydraiilique," vol. 
ii. ; Desaguliers, in his ** Cours de Physique Experirnentalc,” vol. ii ; M. Prony, in 
his “Nouvelle Arehiteeture Hydniulique and se\er.il others. 

The machine lure deaciibed is veiy diffeicnt iiom that mentioned by Mnschen- 
broek, in bis Cours de Physique Expcrimeniale.’’ In the latter, the steam acts by 
its compression on a eylindei ot water, which it causes to ascend. This requires 
steam highly elastic, and very much heated ; but in this case theie is great danger of 
the machine bursting In the new machine, that above described, it is sufficient if 
tbe steam has the elaslieity of tbe air: this it wall acquire if the water boils only 
briskly ; and thorefoie the danger of the machine bursting is not nearly so great; it 
is not even said that this accident ever happened to any of the large steum-engines, 
which have been long t slablislied. 

Tlic largest steam-engine with which I am acquainted, is that of Montrelais, near 
Ingrande, which is eiiqiloyed in freeing- the coal mines from water. The eylinder if 
5 ' 2 ^ inches in diameter * It raises per houi, to the height of 652 feet, by eight 
different stages, 1145 cubic feet of water, or 10800 gallons ; and as it is estimated, 
after deducting tlie time lost by putting it in motion, during accidental repairs, which 
are necessaiy from time to time, &c., th.it it work^ 22 hours in the 24, its daily effect 
is to raise, to the above height, and e\acuatc, 237600 gallons of water. In the same 
time it consumes about 206 cubic feet of coals. The other expenses attending it 
must also be considerable. 

In tbe same place is another machine which, in some respects, appears to be con- 
structed on a better principle. 'I'hoiigb the cylinder is only 34 inches in diameter, 
it raises, in 22 hours, to the same height, and at one jet,. 22000 cubic feet, or about 
1C5000 gallons, wdiich is above two thirds of the quantity raised by the former, 
while tbe moving power, which is in the ratio of the squares of the diameters of the 
pistons, is only about | of that of the other. 

An attempt was made, some years ago, to employ the steam-engine to move car- 
riages, and an experiment on this subject was tried at the arsenal of Paris. Tbe 
carriage indeed moved, but in our opinion this idea must be consideied rather as 
ingenious, than susceptible of being put in practice It would not be very 
agreeable to travellers to hear, behind them, tbe noise of a machine capable, if it 
should burst, of blowing them to atoms ; and we much doubt whether this invention 
would meet with encouragement. A boat also which, it is said, could be made to 

* In some ste&m-enpinps in England the cylinder is 03, and even 7i inebet in diameter, and 

their power is equal to that ot 200 horses* 



MECHANICS. 


248 

more sgsimfc tbe current by means of a steam-engine, was seen for a long time in 
the middle of tbe Seine, opposite to Passy. Nothing less was hoped from this 
invention, than to be able to convey a boat, laden with merchandise, in two or three 
days, from Rouen to Paris; but scarcely was the machine in motion, when the 
wheels, the float-boards of which were to serve as oars, were broken in pieces by tbe 
effect of the too violent and sudden impression they received. Such was the result 
of this attempt, the failure of which had been predicted by the greater part of those 
mechanicians who bad seen the preparations. 

[We have retained in this edition the above paragraph on the application of steam 
to navigation and locomotive engines on land, as a curious record of the opinions on 
those subjects entertained by men the most eminent in science, at a very recent 
period. What would these men say, could they be permitted to view the achieve- 
ments of modern science, on the application of steam to travelling by sea and by 
land? Hundreds of people conveyed by the power of a single steam-engine from 
London to Liverpool at the rate of from 20 to 30 miles an hour ; and steam vessels 
sailing from various ports in England to New York, with the regularity of mail 
coaches, and completing their voyages in about a foitnight; would doubtless strike 
them with amazement.] 

Remark. — As Montucla has given but a shoit and imperfect account of that truly 
noble English invention, we have subjoined the following brief history of it. The 
Steam Engine was invented by the Marquis of Worcester, in the year J655 ; and an 
account of it was printed in a little book, entitled “A Century of the Names 
and Scantlings of such Inventions as at present I can call to mind," &e. ; in the 
year 1603. 

In the 08th article of that work, the Marquis describes the invention in the follow- 
ing words: — “ An admirable and most forcible way to drive up water by fire. Not 
by drawing or sucking it upwards, for that must be as the philosopher calleth it, 
inlra speeram activitatisy which is but at such a distance ; but this way hath no 
bounds, if the vessel be strong enough ; for I have taken a piece of a whole cannon, 
whereof the end was burst, and filled it three quarters full of water, stopping and 
securing up the broken end, as also the touch-hole, and making a constant fire under 
it, within 24 hours it burst and made a great crack ; so that having a way to make my 
vessels, so that they are strengthened by the foiee within them, and the one to fill 
after the other. I have seen the water run like a constant fountain stream forty feet 
high ; one vessel of water rarefied by fire driveth up forty of cold water. And a 
man that tends the work is but to turn two cocks, that one vessel of water being con- 
sumed, another begins to force and refill with cold water, and so successively, the 
fire being tended and kept constant, which the self-same person may likewise abun- 
dantly perform in the interim between tbe necessity of turning the said cocks.” 

But although the above description is a distinct and intelligible on^, of the manner 
of applying steam for raising of water, yet no person, that I have heard of, attempted 
to erect a machine on these principles until the year 1699; when Captain Savary 
produced, the 14th of June in that year, a model which was worked before the Royal 
Society, at their weekly meeting at Gicsham College. He afterwards published 
an account of this machine in the year 1702, in a work entitled The Miner’s 
Friend.” 

In Savary’s machine, tbe steam is used for making a vacuum in a vessel placed near 
to the water to be raised, and communicating with it by a pipe, which has a cock or 
valve adapted to it. This valve or cock being opened when there is a vacuum in the 
vessel, the atmosphere presses the water into the vessel ; and when this is filled, tbe 
yalre or cock is shut; and steam being let into it, this presses on the surface 
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of the water, and forces it upwards through a pipe adapted to the resiel for this 
purpose. 

The disadvantages attending this method of construction were so great, that Capt. 
Savaryneversucceeded further thanin makingsome engines for the supply of gentlemen’s 
seats ; but he did not succeed for 'mines, or the supplying of towns with water. This 
discouragement stopped the progress and improvement of the Steam Engine, till Mr. 
Newcomen, an ironmonger, and JohnCeudley, a glazier at Dartmouth, about the year 
1712, invented what is called the Lever or Newcomen engine. In this machine, the 
steam is made to act in a cylinder distinct from the pumps, and is used merely for the 
purpose of making and unmaking a vacuum, in this manner — namely, there is a piston 
in the cylinder, fitted so nicely to it, that it can slide easily up and down without the 
admission of any air, or other fluid, to pass between its edge and the cylinder. The 
steam is admitted below the piston, which, being of a strength equal to the atmosphere, 
brings it into a state of equilibrium, when the weight of the pump rods and volumes 
of water, at the other end of the lever or balance, raises it up ; when the piston has 
got to the top of the cylinder, a jet of cold water is thrown amongst the steam, 
which condenses it, and forms a partial vacuum. The atmosphere then acting on the 
upper side of the piston, forces it down, and raises the column of water at the other 
end of the beam. 

No improvement on this principle took pLace for above half a century, except in the 
construction of a variety of contrivances for the purpose of opening and shutting the 
different cocks and valves, necessary to admit the steam into the cylinder, the water 
to condense it, to carry off the condensed steam, to make the piston more air-tight, 
and in general to improve the various working parts of the engine. 

Machines of this kind have been constructed in a variety of places ; particularly 
in Great Bntain, for the purpose of raising water from mines or for supplying towns, 
and for raising water to turn wheels. One of the largc'st of this kind is that which 
was constructed by the late ingenious Mr. Smeaton, for raising water to turn the 
wheels of the Blast Furnaces at Carron — the cylinder of this engine is 72 inches in 
diainetgr, and I believe it is reckoned the most perfect engine that has been con- 
structed on Newcomen’s principle. But although Mr. Smeaton spent much time 
in the improvemeiits of these engines, and succeeded to a very considerable extent, 
yet the manner of employing the bteum in a cylinder where cold water is to be ad- 
mitted, for the purpose of condensing it at each stroke, and the piston and cylinder 
being exposed to the atmosphcie, render it so imperfect that above one half of the 
power of the steam is lost by this construction. And therefore, even with Mr. Smea* 
ton’s ingenious improvements, the Steam Engine at that time was but a very imper- 
fect machine, and by no means applicable to such a variety of purposes as it is now in 
its improved state. 

The ingenious Mr. James Watt of Glasgow, perceiving the groat loss of steam 
which was sustained in its use, in Newcomen’s engine, about 1768 made a variety of 
experiments on this subject, and in 1770 obtained a patent for a new mode of apply- 
ing it ; in which the cylinder was made close both at bottom and top, and the rod 
which connected the piston with the lever, was made to work through a collai of hemp 
and tallow, so as to be perfectly air-tight. The atmosphere being thus excluded from 
the cylinder, both the vacuum is made by the steam, and the piston is moved by it. 
Also the steam is not condensed by throwing cold water into the cylinder, but it it 
taken out by an air-pump and condensed in a separate vessel ; and in order to keep 
the cylinder as hot as possible, it is surrounded with steam, and covered with non- 
conducting substances. By this construction, the engine has been made to perform at 
least double the eflTect with the same quanity of fuel, ns the best engines on New- 
comen’s construction. Mr. Watt obtained an extension of his patent right in the 
year 1775, by an act of parliament, foi 25 years; and was joined by the ingenious Mr. 
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Boulton of Soho, near Birmingbain ; since which, the same principle has still been 
followed ; but the working parts have undergone various modifications, by the joint 
abilities of these able mechanicians. The principle which was applied to the work- 
ing of the piston, only one way, that is, by pushing it downwards, as the atmosphere 
did in Newcomen’s engine, has also been applied to the forcing it up ; by which 
means, engines, where cylinders are of a given diameter, are now made to perform 
double the effect. This has not only saved great expcnre in the original construction 
of the engines, but has enabled them to be applied in caecs where immense power 
has been wanted, and which could not have been performed at all by them on New- 
comen’s construction. By the same mode of applying the steam, it can now not 
only be used of the strength of the atmosphere, but as much stronger as necessity or 
convenience may requiie ; which is a still further consolidation of the power. The 
celerityalso with which the condensation of the steam, and the discharging of the 
condensed steam and wafer, are performed, enables them to work quicker, and so 
to be applied to all kinds of mill work, w'hich are used in the numerous manufac- 
tories of this country. Corn is gtound by them, cotton spun, silk twisted, the 
immense machinery used in the new manufactories are W'orked, and including every 
kind of mill work to which water can be applied. They arc also used in the various 
branches of the civil engineer. Thus the water is taken from the foundations of 
Locks, Bridge®, Docks, &c. The piles are driven for the foundations, as the mortar 
manufactured for the building of the walls ; earth taken from Ihcir canals ; and docks 
and w’orks have been of late performed by their means, which could not have been 
executed without them. 

They are also made so portable for some purposes, that they are even constructed 
on boats and carriages, to be moved from one place to another ; W'hilc in others they 
are made on a large and magnilicent scale. Messrs. Boulton and Watt have made 
them from the power of one, to that of 250 horses; and by their late contrivances 
in the execution of their different parts, they ar c so manageable, that even a lad may 
attend and direct their operations; and so regular in their motions, that water itself 
cannot be more so 

The quantity of fuel which they consume is comparatively small, to the effect 
they produce. One bushel of the best New'castlc I'oul applied to the working of an 

engine for pumpiitg, will raise about thirty millions of pounds one foot high But 

in these engines, wdrcii the steam acts on the piston, both in itsa-scent and descent, 
the same quantity of fuel will not produce quite so great an effect, as there is not so 
much time for performing the condensation, on which account the vacuum is not 
so complete. 

In the application of the steam engine to driving machinery, it is important that a 
uniform motion should exist. To equalize the variable force communicated by the 
engine, a large and heavy metal w’heel, called a fly wheel, is fixed on the axis 
turned by the crank which converts the reciprocating motion into a rotatory one, 
— and this wheel revolves with the axis on wdiich it is fixed. The tendency of 
this heavy rotating wheel, to retain the velocity which it receives, renders the 
motion sufficiently uniform for all practical purposes, when the supply of steam 
from the boiler is nearly uniform^ and the resistance to be overcome is also nearly 
unifoim. 

To ensure a uniform velocity, however the load or resistance may be varied, it is 
necessary so to proportion the supply of steam to the resistance, that upon the least 
change in the velocity the supply of steam may be correspondently raised, so as to 
keep the engine always going at the same rate. 

One of the most remarkable appendages of the steam engine is an apparatus 
called the governor^ invented by Mr. Watt, for effecting this object, — viz., torrepu- 
hting the supply of steam to the engine. In the pipe which conducts steam from 
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the boHer to the cylinder is placed a thin circular plate, which, when its face it 
presented towards the length of the pipe, nearly stops it,— and when it is inclined 
more or less, a greater or less quantity of steam is permitted to pass. This plate 
or valve is called the throttle valve; and the following account of the mechanism, 
which Mr. Watt contrived for making the engine itself turn the plate exactly and 
always into the precise position in which it is required to be, will, we have no doubt, 
be interesting to our readers. 


Fiff. 55. 



A (Fig. 55.) is a 
perpendicular axle, 
to which a grooved 
wheel B is attached, 
and which turns with 
the shaft in the pi. 
vots at the top and 
bottom of it. A strap 
rolled on the axis of 
the fly-wheel passes 
round the groove in 
the wheel b, as the 
strap acts in a turning 
lathe. Thus the ro- 
tation of the fly wheel 
and that of the shaft 


A will always vary in the same proportion, c and n are two heavy balls at the 
ends of the rods c and d, which play on an axis fixed on the revolving shaft 
at E, and extend bejond the axis to f F. Connected with these rods by joints 
at r, F, are two other rods r, r, attached to a broad i ing of me tal which moves freely 
up and down the revolving shaft; and to this ring a lever is attached, whose 
centre is at o; and it is conneeted by a strips of levers with the throttle valve T. 
When the speed of the fly-\^hecl becomes congiderably increased, the spindle A is 
wheeled more rapidly round ; and the balls acquiring greater centrifugal force recede 
from tlic axis, depress the metal ring which slides on the spindle, and with it the 
adjoining end of the lever, raising at the same time the opposite end, and thus par- 
tially closing the throttle valve by means of the connecting appaiatus, the supply of 
steam from the boiler to the cylinder is diminished, and a coi responding retardation 
of motion takes place in consequence. And the contrary effect is produced when 
the rotation of tbc fly wheel is diminished. 


It ^^ill thus be perceived, that uhen, from any alteration of the load or resistance 
to be overcome, the velocity of the fly wheel becomes increased or diminished, a 


corrective is supplied immediately and in accurate peifection, by the action of the 
governor, which has justly been characterised as one of the most elegant and inge- 
nious of mechanical inventions. 


Another most important mechanical device, for conveiting the straight in and out 
motion of the piston rod into a circular motion at the end of the working beam of 
the engine, merits notice in this place. 


Fig. 56. 



Mr. Watt conceived two straight rods, ab, cD (Fig. 56.) 
moving on pivots at a and c, their extremities b and d being 
connected by a third rod b d, by pivots at b and d, on which 
B D can turn freely. Now the pivots B and D will move in 
circular arcs, whose centres are at a and c ; but the middle 
point of the connecting rod b b will move upwards and down- 
wards in a straight line. 
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The apparatus which, on this principle, Mr. Watt devised, for accomplishing, in 
practice, the object in question, may be thus described. 

The beam moving on its centre c (Fig. 67.) » every 
point in its arm describes the arc of a circle round c 
as a centre. Let b be the middle of a c, and let 
D E be a straight rod equal in length to a b or b c, 
and playing on’ the pivot n. The end e of the rod is 
connected by the pivots at b and e, with the straight 
bar e b. Hence, according to what has just been 
stated, while the beam and n e revolve round c 
and J> as centres, f, the middle of B e, will move 
up and down in a straight line. 

Again, if a rod a g, equal in length to b r, be 
attached to a, the end of the beam, by a pivot on which it moves freely : and if g 
be connected with e by a rod equal in length to a b, the point g will move in a 
straight line parallel to that in which f moves. 

The piston-rod of the steam cylinder is attached to the point o, and that of the 
air pump to the point f: so that they move in parallel straight lines, the piston-rod 
having double the stroke of that of the air-pump, being twice the distance from c, 
the centre of motion. 


67. • 



BALLOONS, TELEGRAPHS, &C. 

The latter part of the last century, among many ingenious mechanical inventions, 
has produced the two remarkable ones relating to air balloons, and to telegraphs, 
with other means of distant, quick, or secret intelligence ; concerning which a brief 
account may here be added ; and first of Aerostation and Air Balloons. 

The fundamental principles of aerostation have been long and generally known, as 
well as speculations on the theory of it; but the successful application of them to 
practice seems to be altogether a modern discovery. These principles chiefly respect 
the pressure and elasticity of the air, w'ith its specific gravity, and that of the other 
bodies to be floated in it. Now any body that is specifically, or bulk for bulk, lighter 
than the atmosphere, is buoyed up by it, and ascends to such height where the air, 
by always diminishing in its density upward, becomes of the same specific gravity as 
the rising body ; here this body will float, and move along with the wind or current 
of air, like clouds at that height. This body then is an aerostatic machine, whatever 
its form or nature may be ; such as an air-balloon, the whole mass of which, including 
its covering and contents, with the weights annexed to it, is of less weight than the 
same bulk of air in which it rises. ^ 

We know of no solid bodies however that are light enough thus to ascend and float 
in the atmosphere ; and therefore recourse must be had to some fluid or aeriform sub- 
stance. Among these, that which is called inflammable air is the most proper for 
that purpose : it is very elastic, and is six, eight, or ten times lighter than common 
air. So that, if a sufficient quantity of that kind of air he inclosed in any thin bag 
or covering, the weight of the two together will be less than the weight of the same 
bulk of common air ; consequently this compound mass will rise in the atmosphere, 
till it attain the height at which the atmosphere is of the same specific gravity as it- 
self ; where it will remain or float with the current of air, as long as the inflammable 
gas does not too much escape through the pores of its covering. And this is an 
inflammable-air balloon. 

Another way is, to make use of common air rendered lighter, by heating it, instead 
of the inflammable air. Heat rarefies pnd expands common air, and consequently 
lessens its specific gravity. So that, if the air, inclosed in any kind of a bag or cover- 
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ing, be heated, and this dilated^ to such a degree that the excess of the weight of 
an equal volume of common air, above the weight of the heated air, be greater than 
the weight of the covering an^ its appendages, the whole compound mass will ascend 
in the atmosphere, till it arrive at a height where the atmosphere has the same spe- 
cific gravity with it ; where it will remain till, by the cooling and condensation ot 
the included air, the balloon shall gradually contract, and descend again, unless the 
heat be renewed or kept up. And this is a heated-air balloon, which is also called a 
Montgolfier, after the name of its inventor. 

Various schemes for rising up in the aii, and passing through it, have been devised 
and attempted, both by the ancienfs and the moderns, on different principles, and with 
various success. Of these attempts, some have been on mechanical principles, or by 
the powers of mechanism; and such, it is conceived, were the instances related of 
the fl>iiig pigeon made by Archytas, also the flying eagle, and the fly by Regiomon- 
tanus, with many others, both among the ancients and moderns. 

Other projects have been vainly foimcd, by attiiehing wings to some part of the 
human body, to be moved cither by the hands or the feet, by means of mechanical 
powers ; so that striking the air with them, after the manner of the wings of a bird, 
the person might raise himself in the air, and transport himself through it, in imitation 
of that animal. But these attempts belong rather to that species or principle of 
motion called artificial flying, than to the subject of aerostation, W'hich is properly 
the sailing or floating in the air by means of a machine rendered specifically lighter 
than that element, in imitation of aqueous navigation, or the sailing on the water in 
a ship or vessel, which is specifically lighter than this element. 

The first rational account to be found on rccoid, for this sort of sailing, is perhaps 
that of our countiyman Roger Bacon, who died in the year 1292. He not only 
afiiinis that the art is feasible, but assures us that be himself Itncw how to make a 
machine, in which a man sitting might be able to convey himself through the air like 
a bird: and be farther affirms that there was another person who had tried it with 
success. The secret it seems consisted in a couple of large thin shells, or hollow 
globes, of copper, exhausted of air; so that the whole being thus rendered lighter 
than air, they would support a chair, in which a person might sit. 

Bishop Wilkins too, who died in 1672, in several of his works, makes mention of 
similar ideas being entertained by divers persons. “ It is a pretty notion to this 
purpose,” says he, (in his Discovery of a New World), mentioned by Albertus de 
Saxonia, and out of him by Fiancis Mendoza, “that the air is in some part of it navi- 
gable. And that upon this static principle, any brass or iron vessel, suppose a kettle, 
whose substance is much heavier than that of the w^ater; yet being filled with the 
lighter air, it will swim upon it, and not sink.” And again, in his Ded.ilies, he says, 
“ Scaliger conceives the framing of such volant automata to be very easy. Those 
ancient motions we thought to be contrived by the force of some included air As 
if there had been some lamp or other fire within it, whieh might produce such a 
foreiole rarefaction as should give a motion to the whole frame.” From whence it 
w’ould seem that Bishop Wilkins had some confused notion of such a thing as a 
heated-air balloon. 

Again, father Francisco Lana, in bis Prodroma, printed in 1670, proposes the same 
method with that of Roger Bacon, as his own thought. He considered that a hollow 
vessel, exhausted of air, would weigh less than when filled with that fluid. He 
also reasoned that, as the capacity of spherical vessels increases much faster than 
their surface, the former increasing as the cube of the diameter, but the latter only 
as the square of the same, it is therefore possible to make a spherical vessel of any 
given matter and thickness, and of such a size as, when emptied of air, it will be 
lighter than an equal bulk of that air, and consequently that it will ascend in the 
atmosphere. After stating these principles, father Lana computes that a round 
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vessel of plate brass, 14 feet in diameter, weighing 3 ounces the square foot, will 
only weigh 1846 ounces; whereas a quantity of air of the same bulk will weigh 
21^ ounces, allowing only one ounce to the cubic foot; so that the globe will not 
only ascend in the air, but will also carry up a weight of 308 ounces : and by 
increasing the bulk of the globe, without increasing the thickness of the metal, be 
adds, a vessel might be made to carry up a much greater weight. 

Such then were the speculations of ingenious men, and the gradual approaches to- 
wards thij art. But one thing more was yet wanting : although in some degree ac- 
quainted with the weight of any quantity of air, considered as a detached substance, 
it seems they were not aware of its great elasticity, and the universal pressure of the 
atmosphere ; a pressure by which a globe, of the dimensions above described, and 
exhausted of its air, would immediately be crushed inwards, for want of the 
equivalent internal counter pressure, to be sought for in some element, much 
lighter than common air, and yet nearly of equal pressure or elasticity with it; 
a property and circumstance attending inflammable gas, and also common air when 
considerably heated. 

It is evident then that the schemes of ingenious men hitherto must have gone no 
farther than mere speculation ; otherwise they could never have recorded fancies 
which, on the flist attempt to be put in practice, must have manifested their own 
insufficiency, by an immediate failuie of success For, instead of exhausting the 
vessel of air, it must be filled either with common air heated, or with some other 
equally elastic but lighter air. So that on the whole it appears, that the art of 
traversing the atmosphere, is an invention of our own time ; and the whole history 
of it is comprehended within a veiy shoit period. 

The rarefaction and expansion of air by heat, is a property of it that has been long 
known, not only to pbilosophcrs, but even to the vulgar. By this means it is, that 
the smoke is continually carried up our chimneys : and the effect of heat upon air 
is made very sensible by bringing a bladder, only partially filled with air, near a fire ; 
when tbe air presently expands W'ith the beat, and distends the bladder so as almost 
to burst it. Indeed, so well are the common people acquainted with this effect, 
that it is the constant practice of those who kick about blown bladders, for foot 
balls, to biing them from time to time to the fire, to restore tbe spring of the air, 
and the distension of the ball, lost by the continual cooling and waste of that fluid. 

But the great levity, or rather small weight, of inflammable gas, is a modern 
discovery, namely, within the last 70 or 80 jears ; a discovery chiefly owning to our 
own countrymen, Mr. Cavendish and Dr. Black, the latter of whom frequently 
mentioned also the feasibility of inclosing it in a very thru bag, so as that it might 
ascend into the atmosphere ; an idea which was first put in practice, on a very small 
scale, by Mr. Cavallo, another ingenious philosopher. 

It was however two brothers, of the name of Montgolfier, near the city of Lyons 
in France, who, in the year 1782, first exhibited to the world w'hat may propcily be 
called air-balloons, of large dimensions, being silken bags of many feet in diameter. 
I'hese were on the principle of common air heated, by passing through a fire, made 
near tbe orifice or bottom of the balloon. This heated air and the smoke thus 
ascended straight up into the bag, and gradually distended it, till it became quite 
full, and so much lighter than the atmosphere, that the balloon rapidly ascended, and 
carried up other weights w’ith it to very great heights. After attaining its utmost 
height however, partly by the cooling of the included air, and partly by its escape 
through the pores of the covering, the balloon gradually descends very slowly, and 
comes at length to the ground, after being sometimes carried to great distances by 
the wind, or currents of air in tbe atmosphere. 

Other balloons were also soon made by the philosophers in France, and after them 
in other countries ; namely, by filling tbe balloon case with inflammable gas ; a more 
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troublesome and expensive process, but of much better effect ; because, having only 
to guard against the waste of the fluid through toe pores, but not its cooil ng, these 
balloons continue much longer in the air, sometimes for the space of many hours, 
enabling the passengers to pass over large tiacts of country. On one of these occa- 
sions, Mr. Blanchard, a noted operator, with a favourable wind, passed over fi oin 
Dover to Calais, accompanied by anotber gentleman. 

Many other persons exhibited balloons, of large 
dimensions, particulaily in France and other parts of 
the continent, with various success. The people of 
that country have also successfully applied balloons 
to the examination of the state of the higher regions 
of the atmosphere ; and also in their armies, to dis- 
cover the dispositions and operations of an enemy's 
position and camp. In England they have been less 
attended to, perhaps owing at first to an in foituiiatc 
prejudice, and an idea thrown out, that they could 
not be turned to any useful purpose in life. 

Balloons have become so common within the last 
few years, that their appearance inu-^t be familiar to 
all oin rciders, and we therefore gi\e only the an- 
nexed cut of Blanchard’s balloon with the parachute. 


TliLEGRAPHS. 

A Telegraph is a machine lately brought into use by the French nation, namely in 
the year 1793 ; being contrived to communicate words or signals, from one person 
to another, at a great dihlancc, and in a very ^hort time. 

Tbt object proposed is, to obtain an intelligible figurative language, to be distin- 
guished at a distance, to avoid the obvious delay in the dispatch of orders or infoima- 
tioii by messengers. 

On first reflection, we nnd the practical modes of such distant communication 
must he confined to sound and vi^»ion, but chiefly the latter. Each of these is in a 
great degree affected by tht state of the atmosphere : as, independent of the wind’s 
direction, the air is sometimes so far deprived of its elasticity, or whatever other 
quality the conveyance of sound depends on, that the heaviest oidnance is scarcely 
beard farther than the shot flies : and, on the other hand, in thick hazy W'eather, the 
largest objects become quite obscured at a short distance. No instrument theiefore, 
designed for the purpose, can be perfect. We can only endeavour to diminish these 
defects as much as may be. 

Some kind of distant signals must have been employed from the earliest antiquity. 
It seems the Romans had a method in their walled cities, either by a hollow formed 
in the masonry, or by tubes affixed to it, so to confine and augment sound, as to 
convey information to any part they wished ; and in lofty bouses it is now sometimes 
the custom to have a* pipe, by w'ay of speaking trumpet, to give orders from the 
upper apartments to the lower ; by this mode of confining sound, its effect may be 
carried to a very great distance ; but beyond a certain extent, the sound, losing 
articulation, would only convey alarm, and not give directions. 

Every city among the ancients had its watch-towers; and the castra’stativa of the 
Romans had always some spot, elevated either by art or nature, from whence signals 
were given to the troops cantoned or foraging in the neighbourhood. But they had 
probably not arrived at greater refinement than that, on seeing a certain signal, 
they were immediately to repair to their appointed stations. 

A beacon, or bonfire made of the first inflammable materials that offered, as the 
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most obvious, is perhaps the most ancient mode of general alarm, and by being pre- 
viously concerted, the number or point where the fires appeared might have its par- 
ticular intelligence affixed. The same observations may be referred to the throw- 
ing up of rockets, whose number or the point from whence thrown, may have its affixed 
signification. 

Flags or ensigns, with their various devices, are of earliest invention, especially at 
sea ; where, from the first idea, which was probably that of U vane to shew the direc- 
tion of the wind, they have been long adopted as the distinguishing mark of nations, 
and are now so neatly combined by the ingenuity of a great naval commander, that 
by his system every requisite order and question is received and answered by the most 
distant ships of a fleet. 

To the adopting this, or a similar mode, in land service, the following are objec- 
tions: that in the latter case, the variety of matter necessary to be conveyed is 
80 exceedingly great, that the combinations would become too complicated. And if 
the person for whom the information is intended should he in the direction of the 
wind, the flag w’ould then present a straight line only, and at a little distance be 
invisible. The Romans were so well aware of this inconvenience of flags, that many 
of their standards were solid ; and the name manipulus denotes the rudest of their 
modes, which was a truss of hay fixed on a pole. 

The principle of water always keeping its own level has been suggested, as a pos- 
sible mode of conveying intelligeiire, by an ingenious gentleman, and put in practice 
on a small scale, with a very pleasing effect. As for example, supiiosea leaden pipe 
to reach betw'ecn too distant places, and to have a perpendicular tube connected to 
each extremity. Then, if the pipe be constantly filled wfith water to a certain height, 
it will always rise to its level on the opposite end ; and if but one inch of water be 
added at one extremity, it will almost instantly produce a similar elevation in the 
tube at the other end ; so that by coi responding letters being adapted to the vertical 
tubes, at different heights, inlolligeiice may be quickly convened. But this method 
is liable to such objections, that it is not likely it can ever be adopted to facilitate 
the object of very distant communications. 

Full as many, if not greater objections, will perhaps operate against every mode of 
electricity being used as the vehicle of information. And the requisite magnitude of 
painted or illuminated letters, offers an insurmountable obstacle; besides in them one 
object would he lost, that of the language being figurative. 

Another idea is perfectly numerical, which is to raise and depress a flag or curtain 
a certain number of times for each letter, according to a previously concerted system : 
as, suppose one elevation to mean a, tw'O to mean d, and so on through the alphabet. 
But in this case, the least inaccuracy in giving or noting the number, changes the 
letters ; and besides the last letters of the alphabet would be a tedious operation. 

Another method that has been proposed, is nn ingenious combination of the mag- 
iietical experiment of Com us, and the telescopic micrometer. But as this is only an 
imperfect idea of Mr. Garnet’s very ingenious machine, described below, no farther 
notice need be taken of it here. 

Mr. Garnet’s contrivance is merely a bar or plank, turning on a centre like the 
arm of a windmill ; which being moved into any position, an observer or correspondent 
at a distance turns the tube of a telescope round its axis, into the same positipn, bv 
bringing a fixed wire within it to coincide vdth, or become parallel to, the bar, which 
is a thing extremely easy to do. The centre of motion of the bar has a small circle 
fixed on it, with letters and figures around the circumference, and a moveable index 
turning together with the bar, pointing to any letter or mark the operator may wish 
to set the bar to, or to communicate to the observer. The eye end of the telescope 
has a like index and circle fixed on the outside of it with the corresponding letters or 
other marks. The consequence is obvious ; the telescope being turned round its axis, 
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till its wire cover, or become parallel to tbe bar, the index of the former necessarily 
points out the same letter or mark on its circle as that of the latter, and the communi- 
cation of sentiment is immediate and perfect. The use of this machine is so easy, 
that we have seen it put into the hands of two common labouring men, who had never 
seen it before, when they have immediately held a quick and distant conversation 
together. 

Fig. 69. represents the principal parts of this telescope : a B d e is the telegraph or 
bar, having on the centre of gravity c, about which it turns, a fixed pin, going through 
a hole or socket in the firm upiight post o, and on the op- 
posite side is fixed an index c f. Concentric to c, on the same 
post, is fixed a brass circle, of G or 8 inches diameter, divided 
into 48 equal parts, 24 of which represent the letters of 
the alphabet, and in the other 24, between the letters 
are numbers. So that the index, by means of the arm 
A B, may be set or moved to any letter or number. The 
length of the arm or bur should be 2^ or 3 feet for every mile 
of distance. Two revolving lumps of different colours, sus- 
pended occasionally at a and B, the ends of the arm, would 
serve equally at night. 

Let 8 8 (Fig. GO. ) represent a ti arid verse section of the out ward tube of a telescope, 
and X X the like section of the sliding or adjusting tube, on which is fixed an index 
1 I, On the part of the outward tube next to the observer, is fixed a circle of letters 
and numbers, similarly divided and situated as the former circle in Fig. 59; so that tbe 
index i i, by means of the sliding or adjusting tube, may be 
turned to any other letter or number. Now there being a hair, 
or fine silver wire, f fixed in the focus of the eye-glass ; when 
the arm a b of the telegraph is viewed at a distance through the 
telescope, the hair may be turned, by means of tbe sliding tube, 
to the same position as the arm a b ; then the index 1 1 (Fig. GO.) 
will point to the same letter or number on its own circle, as the 
index i (Fig 59.) points to on the telegraphic circle. 

If, instead of using the letters and numbers to form words at length, they be 
used us signals, three motions of the arm will give a hundred thousand * different 
signals. 

But a telegraph, combined with a telescope, it seems was originally the invention of 
M. Aniontons, an ingenious French philosopher, about the middle of the 17th cen- 
tury ; when he pointed out a method to acquaint people at a great distance, and 
in a very little time, with whatever we please. This method was us follows: Let 
persons be placed in several stations, at such distances from each other, that, by 
tbe help of a telescope, a man in one station may sec a signal made by the next 
before him ; this person immediately repeats the same signal to the third man ; and 
this again to a fourth, and so on through all tbe stations, to the last. 

This, with considerable improvements, it seems has lately been brought into use 
by the French, and called a Telegraph. It is said they have availed themselves of 
this contrivance to good purpose, in tbe late war ; which has induced the English 
also to employ a like instrument, in a different form. 

The new invented telegraphic language of signals, says a French author, is an art- 
ful contrivance to transmit thoughts, in a peculiar way, from one distance to another, 
by means of machines, which are placed at different distances, of from 12 to 16 miles 
each, so that the expression reaches a very distant place in tbe space of a few 
minutes. The only thing which can interrupt their effects is, if the weather be so 
bad and turbid, that the objects and signals cannot be distinguished. By this inven- 
tion, remoteness and distance almost disappear; and all the communications of 
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eorrespondeiice are effected with the rapidity of the twinkling of an eye. The 
greatest advantage which can be derived from this correspondence, is that, if we 
choose, its object shall be known to certain individuals only, or to one individual 
alone, or to the extremities of any distance. 

Fig. 61. represents the form of the French Telegraph. 
A A is a beam or mast of wood, placed upright on arising 
ground, and is 15 or 16 feet high, b b is a beam or 
balance moving on the centre A A. This balance beam 
may be placed vertically, or horizontally, or any how in- 
clined, by means of strong coids, w'hich are fixed to the 
wheel D, on the edge of which is a double groove, to 
receive the two cords. This balance is 11 or 12 feet long, 
and 9 inches broad, having at the end two bars c c, 
which likewise turn on the angles by means of four other 
cords passing through the axis of the main balance. The 
pieces c are each about three feet long, and may be 
turned and placed cither to the right or left, straight or square with the balance beam. 
By means of these three, the combination of movements is said to be very extensive, 
remarkably •^llnple, and easy to pci form. Below is a small wooden hut, in which a 
person is employed to attend the movements of the machine. In the mountain near- 
est to this, another person is to repeat these movements, and a third to write them 
down. The signs are soincfimes made in words, and somtjtimes in letters; when in 
words a small flag is hoi*'ted ; and as the al()habet may be changed at pleasure, it is 
only the com spon ding per'-on who knows the meaning of (be signs. 'I’lie alphabet, 
as well as the numhers to 10, arc exhibited in the middle of Fig. 61, annexed to the 
different forms and [lositions into which the bars of the machine may be put. 

Many improvements and adilitioiial contrivances have been since made in England. 
The following one i** by the llev. J. Gamble. The principle ot it is simply that of a 
Venetian window-blind, or rather uhat are called the lever 
boards of a hrewhou^e, which when horizontal, present so small 
a surface to the distant observer, as to be lost to bis view, but 
are capable of being in an instant changed into a screen of a 
magnitude adapted to the required distance of vision, aebdfc 
(Fig. 62), is a firm upright frame, supporting nine lever hoards 
woiking on centres in BKand d f, and opening in three divisions 
by iron rods. And a // c </, efgh^ are two lesser frame?, fixed to 
the great one, having also three lever boards in each, and moving 
by iron rods, in the same manner as the others. If all these 
rods be brought so near the ground, as to be in the management 
of the operator, he will then have five keys to play on. Now 
as each of the bandies iklmn commands three lever boards, by raising any one of 
them, and fixing it in its place by a catch or book, it will give a different ap- 
pearance in the machine ; and by the proper variation of these five movements, there 
will be more than 25 of what may be called mutations, in each of which the machine 
exhibits a different appearance, and to which any letter or figure may be annexed at 



pleasure. 

Should it be required to give intelligence in more than one direction, the whole 
machine may easily be made to turn to different points, on a strong centre, after the 
manner of a single post windmill. To use this machine by night, another frame must 
be connected with the back part of the Telegraph, for raising five lamps, of different 
colours, behind the openings of the lever boards ; these lamps by night answering for 
the openings by day. 

Fig. 63, represents a front view of the latest form of the Telegraph, now em- 
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ployed by the English government, by which a signal is conveyed between 
London and Deal, being 7‘2 miles, by repetition, in 
three minutes. The corresponding boards forming a 
scale for the alphabet, and for numbering, is annexed 
in the engraving. 

We shall limit ourselves to what has been here said 
respecting those machines, which have acquired the 
greatest celebrity ; but we shall point out a few books 
which those who are fond of machines, and who wish 
to instruct themselves by example, may consult for 
that purpose. The first of these, which we shall 
mention, is the Theatrum Mechanicum of Leopold, in 
several volumes folio, the last of which appeared in 
1725. This is a curious work, but the author’s theory 
is not always well founded ; for he seems not be en- 
tirely convinced of the impossibility of the perpetual 
motion. The next is the Thcdtre des Machines of 
James Besson, in Italian and French. And to these 
we shall add. Booklet's work, in Latin; that of Ramelli in Italian and French, which 
is rare, and in great request. The Cabinet des Machines of de Servieies, 4to, 
Paris 1733, is one of the most curious works of this kind, on account of the great 
number of machines described in it, and which were invented by the author. Some 
of them are very ingenious, and the principles on which they are constructed de- 
served to have been better explained ; but, in general, they are more curious than 
useful. 

The description of the method in which the Chevalier Carlo Fontana raised the 
famous obelisk, now before St. Peter’s at Rome, is likewise a work worthy of a place 
in the library of every person fond of mechanics. M. Loriot, who has a collection of 
machines, the invention of which displays great ingenuity, has promised to publish 
some day a description of them. This, in our opinion, would be a curious and useful 
work ; for the most of his machines bear the stamp of genius. We have seen one, 
invented by him ior driving piles, which acts by a motion always in the same di- 
rection, without being obliged to stop or to retrograde, in order to raise up again 
the weight. Nothing, in our opinion, can be more ingenious than the method in which, 
after the fall of the weight or rammer, the hook that serves to raise it again, 
lays hold of it, and by which the cable lengthens itself in order to leach lower 
and lower, in proportion as the pile sinks deeper If this mode of construction 
be compared with those hitherto employed, no one can refuse to give it the pre- 
ference. 

There is also the Collection, in 6 vols. 4 to, of Machines and Inventions approved 
by the Royal Academy of Sciences, containing the engravings and descriptions of 
a great multitude of machines. In English too we have Desaguliers’s Course of 
Experimental Philosophy, in 2 vols. 4to. ; also Emerson^s Mechanics, both con- 
taining the figures and descriptions of many curious and useful machines. Besides 
some others of less note. 
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TABLE OF SPECIFIC GRAVITIES, 


A TABLE 

OP THE SPECIFIC GRAVITIES OF DIFFERENT BODIES, THAT OF RAIN 
OR DISTILLED WATER BEING SUPPOSED 1000. 


MKTALS. 


Gold. 

Spec. Grar. 


Pure gold of 24 carats, melted 

but not hammered 19258 

The same hammered 19362 

Gold, of the Par4aian 'standard, 

22 carats fine, not hammered* 1 7486 
The same hammered * 17589 

Gold of the stand, ird of French 
com, 2112 c.irats fine, not 

hammered 17402 

T'he same coined 17647 

Gold of tile French trinket 
Btandaid, 20 caiata fine, not 

hammered • • • • 15709 

The same hammered *•••..•• 15775 

Silver. 

Pureor virgin silver, 12 deniers 

fine, not hammered 10474 

The same hammered 10511 

Silver of the Pans standard, 

1 1 deniers 10 grains fine, not 

hammered f 10175 

The same hammered 10377 

Silver, standard of the French 
coin 10 deniers 21 grains 

fine, not hammered 10048 

The same coined * • 10408 


Platina. 

Crude jdatiiia, in grains • • • • 15602 

Purified plutina, not hammered 195CH) 

The same hammered 20337 

The same drawn into wire • • 21042 

The same rolled 22069 

Copper and Braee. 

Copper, not hammered 7788 

PRECIOUS 

White oriental diamond ••• 3521 

Rose coloured ditto 3531 


Spec. Orav. 


The same wire-drawn 8879 

Brass, not hammered •••••/ 8396 

The same wire-drawn 8544 

Common cast brass 78^4 

Iron and Steel. 

Cast iron 7207 

Bar iron, either hardened or 

not 7788 

Steel, neither tempered nor 

hardened 7833 

Steel hai dened under the ham- 
mer, but not tempered • • • • 7840 

Steel tempered and hardened 7818 

Steel tempered and not har- 
dened 7816 

Other Metals. 

Pure tin from Coi n wall, melted 

and not hardened 7291 

The same hardened 7299 

Malacca tin, nut hardened . . 7296 

The same hardened 7307 

Molten lead 11352 

Molten zinc 7191 

Molten bismuth 9823 

Molten cobalt 7812 

Molten arsenic 5763 

JJolten nikel 7807 

Molten antimony C702 

Crude antimony 4064 

Glass of antimony 4946 

Molybdena 4739 

'I ungsten 6067 

Mercury 13568 

Uranium • . . • 6440 

STONES. 

Oriental ruby 4283 

Soinell ditto 


* This U tbe same aa sterlisf gold. 


t Diis M 10 gra. finer than sterling. 
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Spec, Gnr, 


Balias ditto' 3646 

Brasilian ditto 853.1 

Oriental topaz 4011 

Saxon ditto 3564 

Oriental sapphire 8994 

Brasilian ditto 3131 

Girasol 4000 

Jargon of Ceylon 4416 

Hyacinth 3687 


Spoc. Orar. 


Vermilion * • • 4230 

Bohemian garnet 4189 

Syrian ditto 4000 

Volcanic ditto with 24 sides 2468 

Peruvian emerald 2776 

Chrysolite of the jewellers • • 2782 

Brasilian ditto 2692 

Beryl or oriental aqua-marine 3549 

Occidental ditto 2723 


6ILICFOV6 STONKS. 


Pure rock crystal of Madagascar 2653 


Ditto of Europe 2655 

Crystallized quartz 2655 

Oriental agate 2.590 

Agate onyx 26.38 

Transparent calredoiiy 2664 

Cornelian 2614 

Sardonyx 260.3 

Piasium 2581 

Onyx pcbhle 2664 

White jade 29.50 

Green ditto 2966 

Red Jasper 2661 


Brown Jasper 2691 

Yellow ditto 2710 

Violet ditto 2711 

Grey ditto 2764 

Black pi ismatic hcxacdral schorl 3385 
Black arnorphus schorl, called 

antique basaltes 2923 

Paving stone 2416 

Grind-stone 2143 

Cutler's stone 2111 

Mill-stonc 2484 

White dint •*•••••••••••••• 2594 

Blackish ditto 2582 


VARIOUS STONES. &C. 


Opake green Italian serpentine 2430 

Coarse Brian 9 on chalk 2727 

Spanish chalk 2790 

Muscovy talc 2792 

Common schist or slate #••••• 2672 

New slate 2854 

White razor hone 2876 

Black and white ditto 3131 

Icelandic crystal 2715 

Pyramidal calcareous spar .... 2730 

Oriental or white antique ala- 
baster 2714 

Green Campanian marble .... 2742 

Bed ditto 2724 

White Casara marble 2717 

White Parian marble * « 2838 

Ponderous spar 4430 

White fluor 3156 

Red ditto 3191 

Green ditto 3182 

Blue ditto 3169 


Violet fluor 

Red porphyry 

Red Egyptian granite 

Pumice stone 

Obsidian stone 

Basaltes from the Giant’s Cause- 
way 

Touch-stone 

Bottle glass 

Green glass 

White glass 

Leith crystal 

Flint glass 

Sevres porcelain 

China ditto 

Native sulphur 

Melted ditto 

Phosphorus 

Hard peat • • • 

Ambergris 

Yellow transparent amber .... 


3176 

2765 

2654 

915 

2348 

2864 

2415 

2733 

2642 

2892 

3189 

3329 

2146 

2385 

2033 

1991 

1714 

1329 

926 

1078 


Distilled water 


LIQUORS. 

1000 I Rain water 


1000 



TABLE OP SPECIFIC GRAVITIES. 


Spec. Grar. 

Seawater* 1028 

Burgundy wine 992 

Malmsey Madeira 1038 

Cyder 1018 

Red beer 1034 

White ditto 1023 

Highly rectified alcohol 829 

Common spirit of wine 837 

Sulphuric ether 739 

Nitric ditto 909 

Muriatic ditto 730 

Acetic ditto 806 

Highly concentrated sulphuric 

acid 2125 

Common sulphuric acid ...... 1841 

Highly concentrated nitric acid 1580 

Common nitric acid 1272 

Muriatic acid 1194 

Fluoric ditto. 1500 

Red acetous ditto 1025 

White acetous ditto 1014 

RKSINS J 

Common yellow resin 1073 

Mastic 1074 

Storax 1110 

Opake copal 1140 

Madagascar ditto 1060 

Chinese ditto 1003 

Elemi 1018 

Labdanum 1186 

Dragon's blood 1205 

Gum lac 1139 

Gum elastic • . . . 934 

Camphor 989 

Gum ammoniac • 1207 

Gamboge 1222 

Myrrh 1360 

Galbanum 1212 

Aasafoetida • • 1328 


Spec. Grar. 


Distilled acetous acid 1010 

Acetic ditto 1063 

Formic ditto • • 994 

Solution of caustic ammonia, or 

volatile alkali fluor 697 

Essential oil of turpentine .... 870 

Liquid turpentine 991 

Volatile oil of lavender 694 

Volatile oil of cloves 1036 

Volatile oil of cinnamon .... 1044 

Oil of olives 915 

Oil of sweet almonds 917 

Linseed oil 940 

Whale oil 923 

Woman’s milk 1020 

Cow’s milk 1032 

Mare’s milk 1035 

Ass milk 1036 

Goat’s milk 1034 

Ewe milk 1041 

I GUMS. 

Gum arabic 1452 

Tragacanth 1316 

Terra Japonica 1398 

Socatrine aloes 1380 

Opium 1337 

Indigo 769 

Yellow wax 965 

White ditto 969 

Spermaceti 943 

Beef fat 923 

Veal fat 934 

Mutton fat 924 

Tallow 942 

Hog's fat 937 

Lard 948 

Butter 942 


Heart of oak, 60 years old .. 1170 


Cork 240 

Elm plank 671 

Ash ditto 845 

Beech 852 

Alder 800 

Walnut 671 


Willow 585 

Male fir 550 

Female ditto 498 

Poplar 883 

WUte Spanish ditto 529 

Apple tree 793 

Fear tree 661 


It is heavier in ttie torrid zone, and at 
and near land. 


* Sea water diflbra in weight, aocording to the climate, 
a distaDce from the coasts, than in the narthem 
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Spoe. Gr«T. 


Quince tree 705 

Medlar 044 

Plum tree 785 

Cherry tree 715 

• Filbert tree 600 

French box 912 

Dutch ditto 13*28 

Dutch yew 788 


Spec, r.fmn 


Spanish ditto • , 307 

Spanish Cyprus 644 

American cedar 561 

Spanish Mulberry tree 897 

Pomegranate tree 1354 

Lignum vitse 1333 

Orange tree 705 


Note . — We may here observe, that the numbers in the above table express nearly 
the absolute weight of an English cubic foot, of each substance, in averdupois 
ounces. 


TABLE OF WEIGHTS, 

BOTH ANCIENT AND MODERN, AS COMPARED WITH THE ENGLISH TROY POUND, 
WHICH CONTAINS 12 OUNCES, OR 5760 GRAINS. 

As we gave, at the end of that part which relates to Geometry, a comparative 
table of the principal longitudinal measures, we think it our duty to give here a 
similar table of the ancient Hebrew, Greek, and Roman weights ; and also of the 
modern weights of different countries, particularly in Europe, as compared with the 
English tioy pound. 


ANCIENT WEIGHTS. 
Hebrew Weights. 



(irs, Troy. 

lib. 

oz. 

dwt gr. 

The obolus called gerah 


.. 0 

0 

0 

10*66 

Half shekel or beka 


.. 0 

0 

4 

737 

Shekel 


.. 0 

0 

8 

14 74 

Mina or maneh 


.. 2 

1 

18 

21-67 

Talent or dear ............... 


.. 108 

1 

5 

86 


Attic Greek Weights.* 



Grs. Troy. 

lib. 

ox. 

dwt. 

gr. 

Chalcus 

•82 

.. 0 

0 

0 

082 

Obolus 

.... 8*20 

.. 0 

0 

0 

8*20 

Drachma • 

5189 

.. 0 

0 

2 

3*89 

Didrachma 

103-78 

.. 0 

0 

4 

7-78 

Tetradracbma 

..... 207-56 

.. 0 

0 

8 : 

15-56 

Lesser mina of 75 drachms 

.... 3891-77 

.. 0 

8 

2 

377 

Greater mina of 100 drachms ••••.. 

.... 5189-03 

.. 0 

10 

16 

503 

Lesser Talent of 60 lesser mina •• 

233506-20 

.. 40 

6 

9 ] 

10*20 

Greater talent of 60 greater mina . . 

.... 311341*8 

.. 54 

0 

12 : 

13*8 

Roman 

Weights, 






Grs. Troy. 

Ub. 

os. 

dwt 

gr. 

The denarius • 

.... 51-89 

.. 0 

0 

2 

389 

Ounce, equal to 8 denarii 

41512 

.. 0 

0 

17 

7-12 


It nay be proper hire to observe, that these weights were at the same tiine money. 
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^8 or pound, equal to 12 ounces 
Another pound of 10 ounces • • . 
The lesser talent 
The greater talent 


Ora. Troy. Ub. os. dwt. grs. 

4981*44 .. 0 10 7 18*44 

4151*2 .. 0 6 12 23*2 

233506*20 . . 40 6 9 10*20 

311341*8 .. 54 0 12 13*8 


The above tables are taken from a work by M. Christiani, entitled, “ Delle Misure 
d'ogni genere, antiche ^ moderne,” &c. ; printed in quarto, at Venice, in the year 
1760. As this is an obscure subject, and as some didference prevails among the 
learned in regard to the value of the ancient weights, the translator has added the 
following tables from Arbuthnot, in order to render this article more complete. 


Jewish weights reduced to English Troy weight, 

lib. oz. dwt. gr. 

The shekel 0 0 9 2^ 

Maneh 2 3 6 10? 

Talent 113 10 1 10? 


The most ancient Grecian weights, reduced to English Troy weight. 


Drachma • • * 0 0 6 J 

Mina** 1 1 0 4|^ 

Talent 65 0 12 5}| 


Less ancient Grecian and Roman weights reduced to English Troy weight. 


Lentes • • • 
Siliquae 
Obolus • • 
Scriptulum 
Drachma • • 
Sextula • • 
Sicilicus • • ' 
Duella • • • • 
Unria •••• 
Libra 


0 0 0 0ft 
0 0 0 3^ 
0 0 0 9 ^ 
0 0 0 18A 
0 0 2 6ft 
0 0 3 0 f 
0 0 4 13 ? 
0 0 6 1 ? 
0 0 18 5 ? 
0 10 18 13 ? 


The Roman ounce is the English averdupois ounce, which they divided into 7 
denarii, as well as 8 drachms : and since they reckoned their denarius equal to the 
Attic drachm, this will make the Attic weights 1 heavier than the correspondent 
Roman weights. ^ 

We shall here observe, that the Greeks divided their obolus into chalciand lepta; 
thus, Diodorus and Suidas divide the obolus into 6 chalci, and every chalcus into 7 
lepta : others divided the obolus into 8 chalci, and every chalcus into 8 lepta, or 
minuta. 


The greater Attic weights, reduced to English Troy weight. 


lb. oz. dwt gra. 

Libra or pound 0 10 18 13? 

Common Attic mina 0 11 7 16? 

Another mina used in medicine 1 2 11 10? 

The common Attic talent 56 11 0 17? 


It is here to be remarked, that there was another Attic talent, said by some to con- 
sist of 80, and by others of 100 min». Every mina contains 100 drachmas, and every 
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talent 00 mins ; but the talents differ in weight, according to the different standard 
of the drachmae and minse of which they are composed* The value of different minn 
and talents, in English Troy weight, is exhibited in the following tables: 


Table of different Mina, 

lib. os. dwt. gn. 

Egyptian mina 1 5 6 22g 

Antiochic 15 6 22y 

Ptolemaic of Cleopatra 1 6 14 16|} 

Alexandrian of Dioscoridcs 1 8 16 

Table of different Talents. 

Egyptiaii 86 8 16 8 

Antiochic 86 8 16 8 

Ptolemaic of Cleopatra 93 11 11 0 

Alexandrian 104 0 19 14 

Of the Islands 130 1 4 12 

Antiochian 390 3 13 11 


Modern Weights of the principal countries in the worldf and particularly in Europe^ 


Aleppo, the pound, called rotolo 

Alexandria in Egypt 

Alicant 

Amsterdam 

Antwerp, and the Netherlands. . 

Avignon 

Basle • * . • . 

Bayonne 

Bergamo 


Berghen 

Berne 

Bilboa 

Bois-le-Duc 

Bourdeaux, see Bayonne. 

Bourg 

Brescia • « 

Cadiz 

China (the kin) 

Cologne 

Constantinople 

Copenhagen 

Damascus - • * 

Dantzic 

Dublin 

Florence 

Genoa 


Geneva . . 
Hamburgh 
Konigsberg 
Leghorn ... 


Gn. Troy. 


lib. os. dwt. gr. 

30984*86 

. . 

5 

4 1 1 0*86 

6158*74 


1 

0 16 14*74 

6908*58 


1 

2 7 20*58 

7460*71 


1 

3 10 20*71 

7048*15 


1 

2 15 4*15 

6*216*99 

. . 

1 

0 19 0*99 

7713*81 


1 

4 1 931 

7460*71 

. . 

1 

3 10 20*71 

4663*97 

• . 

0 

9 14 7*97 

11659*52 

. . 

2 

0 5 19*52 

7833*17 

. . 

I 

4 6 9*17 

6721*53 


1 

2 0 1*53 

7460*71 


1 

3 10 20*71 

7105*48 

•• 

1 

2 16 1*48 

7073*57 


1 

2 14 17*57 

4496*61 

.. 

0 

9 7 8*61 

7038*21 

.. 

1 

2 13 6*21 

9222*93 

• • 

1 

7 4 6*93 

7220*34 


1 

3 0 20*34 

7578*03 


1 

3 15 18*03 

6940*58 

. . 

1 

2 9 4*58 

25612*88 

• • 

4 

5 7 488 

6573*86 

. • 

1 

1 13 21*86 

7774*11 


1 

3 19 18*11 

5286*65 

.. 

0 

11 0 6*65 

4426 05 

. . 

0 

9 4 10*05 

6637*85 


1 

1 16 3*85 

8407*45 

. , 

1 

5 10 7 *45 

7314*68 


1 

3 4 18*68 

5968*41 

... 

1 

0 8 16*41 

5145*54 


0 10 14 9*54 
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Grs. TVoy. 


lib. oa. dwts. grs. 

Leyden. 

... 7038-21 

... 

i 

2 18 6*21 

Liege 

... 7089-07 

... 

1 

2 15 9-07 

Lille 

... 6544*33 

... 

1 

1 12 16*33 

Lisbon 

... 7005-39 

... 

1 

2 11 21*39 

Lucca 

... 5272-71 

a • 

0 10 19 16*71 

Lyons Silk weight 

... 6946*82 

• • 

1 

2 9 10*32 


. . . 'QQ 


1 

1 7 23-93 



• • 


Madrid 

... 6544-33 

• a 

1 

1 12 16*33 

Male, St., see Bayonne. 





Marseilles 

... 6041*42 

.. 

1 

0 11 17*42 

Mechlin, see Antwerp. 





Melon 

... 4440*82 

. , 

0 

9 5 0*82 

Messina 

. . . 4844*46 


0 10 1 20*46 

Montpellier 

. . . 6217-81 

• . 

1 

0 19 1*81 

Namur 

... 7174-39 

. . 

1 

2 18 22-39 

Nancy 

. . . 7038-21 

• a 

1 

2 13 6*21 

Nantes, see Bayonne. 





Naples 

... 4951*93 

a a 

0 10 6 7-93 

Nuremberg 

... 7870-91 

■ • 

1 

4 7 22-91 


... 7560-80 

. . 

1 

3 15 0-8 

Pisa, see Florence. 





Revel 

... 6573-86 

, , 

1 

1 13 21*86 


. . . 6148-89 

, , 

1 

0 16 4-89 

Rome 

... 5257-ia 


0 10 19 1*12 

Rouen 

... 7771-64 

, , 

1 

4 3 19*64 

Saragossa 

... 4707-45 

. . 

0 

9 16 3-45 

Seville 

... 7038-21, 


1 

2 13 6-21 

Smyrna 

. . . 6544-33 

. , 

1 

1 12 16-33 

Stettin . • . 

... 6782-24 


1 

2 2 14-24 

Stockholm 

... 9211-45 

, , 

1 

7 3 19*45 

Strasburg 

. . . 7276-94 

, , 

1 

3 3 4-94 

Toulouse, and Upper Languedoc • • • 

... 6322-82 

• • 

1 

1 3 10-82 

Turin and Piedmont, in general •••< 

... 4939-62 


0 10 5 19-62 

Tunis and Tripoli, in Barbary 

... 7139-94 

, , 

1 

2 17 11-94 

Venice — lesser pound 

. . 4215-21 

, , 

0 

8 15 15*21 


.. 682fi-'i4 


1 


Verona. . 

... 5374-44 


0 11 3 22-44 

Vicenza — ^lesser pound . 

... 4676-28 

, , 

0 

9 14 20-28 

greater ditto 

6879-05 


1 

2 6 15-05 


To reduce any of the weights in the preceding table to English averdupois pounds 
nothing will be necessary but to divide the grains Troy, in the first column, by 
7000. 


FRENCH WEIGHTS. 

The Paris pound, poids de mark of Charlemagne, contains 9216 Paris grains : it 
is divided into 16 ounces, each ounce into eight gros, and each gros into 72 grains*. 
It is equal to 7561 English Troy grains. 

The English Troy pound, of 12 ounces, contains 5760 English grains, and is equal 
to 7021 Paris grains. 


Sometimes the gros is dirided into 3 deniers, and each denier into 34 grains. 
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Tbe English averdupois pounds of 16 ounces, contains 7000 English Troy grains t 
and is equal to 8536 Paris grains. 

NEW PBBKCH WEIGHTS. 

Eng. IVoy grtSns. 

Milligramme • 01544 

Centigramme *15445 

Decigramme 1 *54457 

Gramme 15*44579 

Decagramme... 154*45793 

Hectogramme 1544*57938 

Chiliogramme 15445*79386 

Myriagramme 154457*93860 

A decagramme is 6 dwts. 10*45 grs. Troy, or 2drs. 1 scr. 14*45 grs. apoth. weight, 
or 5*648 drams averdupois. 

A hectogramme is 3 oz. 8 48 drams averdupois. 

A chiliogramme is 2 lbs. 3 oz. 4*87 drams averdupois. 

A myriagramme is 22 lbs. 1 oz. 073 drams averdupois. 



OPTICS. 


PART FOURTH, 

CONTAINING MANY CURIOUS PROBLEMS IN OPTICS. 


The properties of light, and the phenomena of vision, form the object of that part 
of the mixed mathematics, called Optics; which is commonly divided into four 
branches, viz. Direct Optics, or vision. Catoptrics, Dioptrics, and Perspective. 

Light indeed may reach the eye three ways : either directly, or after having been 
reflected, or after having been refracted. Considered under the first point of view, 
it gives rise to the first branch of optics, called Direct Optics, or vision ; in which is 
explained every thing that relates to the direct propagation of light, or by a straight 
line from the object to the eye, with the manner in which objects are perceived, &c. 

Catoptrics treat of the effects of reflected light, and the phenomena produced by 
the reflection of light from surfaces of diflTerent forms, — plane, concave, convex, 
&c. 

When light, by passing through transparent bodies, is turned aside from its direct 
course, which is called refraction, it becomes the object of Dioptrics. It is this branch 
of optics that explains the eflfects of refracting telescopes, and of microscopes. 

Perspective ought to form a part of direct optics, as it is merely a solution of the 
diflTerent cases of the following problem : On a given surface to trace out the image 
of an object in such a manner, that it shall make on the eye, when placed in a proper 
station, the same impression as the object itself—a pioblem purely geometrical, and 
in which nothing is required but to determine, on a plane given in position, the points 
where it is intersected by straight lines drawn to the eye from every point of the 
object. Consequently, the only thing here borrowed from optics, is the principle of 
the rectitude of the rays of light, us long as they pass through the same medium; 
the rest is pure geemetry. 

Without confining ourselves to any other order than that of method, we shall now 
take a view of the most curious problems and phenomena in this interesting part of 
the mathematics. 


ON THE NATURE OF LIGHT. 

Before we enter into any details respecting optics, we cannot help saying a few 
words on the nature and properties of light in general. 

Philosophers are still divided, and in all probability will be so for a longtime to 
come, in regard to the nature of light. Some are of opinion, that it is produced by 
an extremely fine and elastic fluid, in consequence of an undulatory motion communi- 
cated to it by the vibrations of luminous bodies, and which is propagated circularly 
to immense distances, and with an inconceivable rapidity. Light, according to this * 
hypothesis, is entirely analogous to sound, which, as is well known, consists in a 
similar undulation of the air, the vehicle of it. Several very specious reasons give 
to this opinion a considerable degree of probability, nothwithstanding some physical 
difficulties which it is not easy to obviate. 

According to Newton, light is produced from luminous bodies by the emission of 
particles highly rarefied, and projected with prodigious velocity. The physical jdiffi. 
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culties wbicb militate against tbe former opinion, seem to serve as proofs of tbe 
present one ; for tbe nature and propagation of li^t can be conceived only in these 
two ways. 

But whatever may be tbe nature of light, it is proved that it moves with astonish- 
ing velocity, since it is well known that it employs only seven or eight minutes in 
passing from the sun to the earth ; and as the distance of the sun from the earth, 
according to the best observations, is 24000 semi-diameters of the latter, or about 
millions of miles, light moves at the rate of about two hundred thousand miles 
per second : at which rate it goes from tbe earth to the moon, and returns from the 
moon to the earth, in less than three seconds. 

The principal properties of light, or those which form the foundation of Optics, are 
the following : ‘ • 

I — Light moves in a straight line, as long as it passes through the same transparent 

medium. 

This property is a necessary consequence of the nature of light ; for whatever it 
may be, it is a body in motion. But a body moves in a straight line if nothing ob- 
structs or tends to turn it aside from its course ; and as every thing in the same 
medium is equal in all directions, the light which passes through it must move in a 
straight lined course. 

This principle of optics, as well as the following, may be proved by experiment. 


IT — Light, when it meets with a polished plane, is leflected, making the angle of 
reflection equal to the angle of incidence ; and the reflection always takes place in a 
plane perpendicular to the reflecting surface, at the point of reflection. 

That is to say, if a B (Fig. 1), be a ray of light, fulling on a 
plane surface i> k, and if B be the point of reflection, to find 
the direction of the reflected ray a c, wc must conceive to 
be drawn through the line a b, a plane perpendicular to the 
surface D e, and intersecting it .in the point b ; if the angle 
c n £ in this plane be then made equal to a B d, tbe line c B 
will be the reflected ray. 

If the reflecting suifaee be a curve, as d b e. a plane touching 
that surface must be conceived passing through b, the point of 
reflection ; the reflection will take place the same as if it were produced by the 
point B ; for it is evident that tbe curved surface and the plane, a tangent to it in the 
point b, coincide in that infinitely small part, which may be considered as a plane 
common to the curved surface and to the tangent plane : the ray of light therefore 
must be reflected from the cuived surface, in the same manner as from tbe point b 
of the plane which touches it. 


Fig. 1 . 


AN 

I> 



III. — Light, in passing ohliquehj from one medium into another of a different density, 
is turned aside from its rectilineal diiection. so as to incline towards the perpen^ 
dicular when it passes fi om a rare medium into one that is denser, as from the air 
into glass or water, and vice versa. 

This proposition may be proved by two experiments, which are a kind of optical 
illusions. 


Fig. 2. 



Experiment 1. 

Expose to the sun, or to any other light, a vessel A BCD 
(Fig. 2.), the sides of which are opake, and examine at what 
point of the bottom tbe shadow terminates. We shall here 
suppose that it is at s. Then fill it to the brim with water or oil, 
and it will be found that the shadow, instead of terminating 
at tbe point s, will reach no farther than to v. This difference 
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can arise only from the inflection of the ray of light s At which touches the edge of 
the vessel. When the vessel is empty, this ray, proceeding in the straight line 
fl A E, makes the shadow terminate at the point e ; but when the vessel is filled 
with a fluid denser than air, it falls back to a f. This inflection of a ray of light, in 
pas^g obliquely from one medium into another, is called refraction* 


Fig. 8. 



Experiment 2. 

Place at the bottom of a vessel, the sides of which are 
opake, at c for example (Fig. 3.), a piece of money, or any 
other object, and move backwards from the vessel till the 
object disappears ; if watei be then poiired into the vessel, 
the object will immediately become visible, as well as that 
part of the bottom which was concealed from your sight. 
The reason of this is as follows : 

When the vessel is empty, the eye at o can see the point c 
only by the direct ray c a o, which is intercepted by the edge a of the vessel ; but 
when the vessel is full of water, the ray CD, instead of continuing its course directly 
to E, is refracted into do, by diverging further from the perpendicular dp. This 
ray conveys to the eye the appearance of the point c, which is seen as at c, in the 
straight line OD continued : the bottom tberefoie, in this case, appears to be raised. 
For the same reason, a straight stick or rod, when immersed in water, appears 
to be bent at the point where it meets with the surface, unless it be immersed in a 
perpendicular direction. 


Philosophers have carefuHy examined the law according to 
which this inflection takes place, and have found that when a 
ray, as ef (Fig. 4.) passes from air into glass, it is refracted 
into F I, in such a manner, that the sine of the angle c f e, 
and that of D f i, are in a constaiit ratio. Thus, if the ray 
E F he refracted into f i, and the ray e r into F {, the sine 
of the angle cfe will have the same ratio to the sine 
of DFi, as the sine of the angle ore has to that of d i i. 
This ratio, when the ray passes from air into common glass, 
is always as 3 to 2; that is to say, the sine of the angle 
which the refracted ray forms with the perpendicular to the refracting sub^'tunce, is 
always two thirds of the sine of the angle formed by the incident lay with the same 
perpendicular. 

It is to be observed, that when the latter angle, that is the distance of the inci- 
dent ray from the perpendicular, which is called the angle of inclination, is very 
small, the angle of refraction may be considered as two thuds of it, because small 
angles have nearly the same ratio as their sines. We here suppose that the ray 
passes from air into glass ; for it is well known, and may be easily proved by the 
table of sines, that when two angles are very small, that is if they do not exceed 5 
or 6 degrees, they are sensibly in the same ratio as their sines. Thus, -in the case 
above, the angle of refraction i f d, will be two thirds of the angle of inclination 
o F E ; and consequently the angle formed by the refracted ray and the incident, con- 
tinued in a straight line, will be one third of it. 

When the passage takes place from air into water, the latio of the sine of the 
angle of inclination, and that of the angle of refraction, is that of 4 to 3 ; that is to 
say, the sine of the angle p f i is constantly J of the sine of g f e, the angle of in- 
clination of the ray incident in air. Consequently, when these angles are very 
small, they may be considered as being in the same ratio ; and the angle of refrac- 
tion will be 5 of the angle of inclination. 

This proportion is the basis of all the calculations of dioptrics; and on that 


Fig. 4. 


C 
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account ought to be well imprinted in the memory. For the discovery of it we are 
indebted to the celebrated Descartes ; though it appears certain, by the testimony 
of Huygens, that a law of refraction equally constant, and which in &ct is the same, 
was discovered before by Willebrod Snell, a Dutch mathematician. But Yossius is 
wrong when he asserts, as he does in his book ** De Natura Luds,'* that the expres- 
sion of Snellius was more convenient. This learned man did not know what he 
said, when he attempted to speak of natural philosophy. 

PROBLEM I. 

To exhibit^ in a darkened room, external objects^ in their natural cohwe and pro* 

portions. 

Shut the door and windows of the apartment, in such a manner, that no light can 
enter it, but through a small hole very neatly cut in one of the window shutters, 
opposite to some well frequented place or landscape ; then hold a white cloth or 
piece of white paper opposite to the hole, and if the external objects are strongly 
illuminated, and the room very dark, they will appear as if painted on the cloth or 
paper, in their natural colours, but inverted. 

The experiment, performed in this simple manner, will succeed well enough to 
surprise those who see it for the first time ; but it may be rendered much more 
striking by means of a lens. 

Adapt to the bole of the shutter, which in this case must be some inches in 
diameter, a tube having at its internal extremity a convex lens, of 4, 5, or 6 feet 
focus ; if a piece of white cloth, or a sheet of paper, be then held at that distance 
from the glass, and in a direction perpendicular to the axis of the tube, the external 
objects will be painted on the cloth or paper, with much more distinctness and 
vivacity of colouring, than in the preceding experiment ; and in so accurate a man- 
ner, that the features of the person seen may be distinguished. This spectacle is 
highly amusing, especially when a public place, a promenade filled with people, &c. 
are exhibited. 

This painting indeed is inverted, which destroys a little of the effect; but 
different methods may be employed to make it appear in its natural position : it is 
however to be regretted that this cannot be done without injuring the distinctness, 
or lessening the field of the picture. Those who may be desirous of seeing the objects 
erect, must proceed in the following manner : 

At about half the focal distance of the lens place a plane mirror, inclined at an 
^ g angle of 45*', so that it may reflect downwards the rays 

' proceeding from the lens ; if you then place horiaon- 

I tally below it a sheet of paper, the image of the external 

objects will appear painted on the paper, and in their 

i natural situation to those who have their backs turned 

towards the window. Fig. fi.Tcpresents the mechanism 
of this inversion, of which a clear idea cannot be 

formed without some knowledge of catoptrics. 

The sheet of paper may be extended on a table, 
and nothing will be necessary but to dispose the glass and mirror at such a height 
from the paper, that the objects may be distinctly painted on it. By these means a 
landscape, or edifice, &c., may be exactly delineated with great ease. 


PROBLEM n. 


To construct a portable Camera Ohscura, 

Construct a wooden box a b c d (Fig. 0.) about a foot in height, as much in 
breadth, and two or three feet in length, according to the focus of the lenses em- 
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ployed. To one of the sides adapt a tube s f« consisting of two, one thrust within 
the other, that it may he lengthened or shortened at pleasure ; and in the anterior 
aperture of the first tube fix two lenses, convex on both sides, 
and about seven inches in diameter, so as almocrt to touch each 
other ; place another of about 5 inches focal distance in the 
interior aperture ; and at about the middle of the box, taken 
lengthwise, dispose in a perpendicular direction a piece of oiled 
paper o h, stretched on a frame : in the last place, make a round hole i, in the side 
opposite to the tube, and sufficiently large to receive both eyes. 

When you are desirous of viewing any objects, turn the tube, furnished with the 
lenses, towards them ; and adjust it either by drawing it out or pushing it in, till the 
image of the objects is painted distinctly on the oiled paper. » 

The following is the description of another camera obscura, invented by Gravesande, 
and of which he gave an account at the end of his Es^ay on Perspective. 

This machine is shaped almost like a hackney chair; the top of it is rounded oflf 
towai ds the back part, and before it swells out into an arch at about the middle of 
its height. (See Fig. 7. where this machine is represented with the side opposite 
to the door teken ofiT, in order that the interior part of it may be exhibited to 
view.l 

Ist. The board a, in the inside, serves as a table : 
it turns on two iron hinges fastened to the fore part 
of the machine, and is supported by two small 
chains, that it may be raised to faeditate entrance 
into the machine. 

2d. To the back of the machine, on the outside, 
arc affixed four small staples r, c, c, c, in which 
slide two pieces of wood d e, b e. three inches in 
breadth ; and through these pass two other pieces, 
serving to keep fast a small board p, which by their 
means can be moved forwards or backwards. 

3d. At the top of the machine is a slit o q, 
nine or ten inches in length, and four in breadth, 
to the edges of which are affixed two rules in the 
form of a dove tail ; between these slides a board 
of the same length, having a round hole, of about 
three inches diameter, in the middle, furnished with 
a nut, that serves to raise or lower a tube about four indies in height, which has a 
•crew corresponding to the nut. This tube is intended for i e *1 iving a convex glass. 

4th. The moveable board, above desciibed, supports a square box x, about seven 
and a half inches in breadth, and ten in height, the fore part of which can be opened 
by a small door, and in the'hack part of the box towards the bottom is a square aperture 
K, of about four inches in breadth, which may be shut at pleasure by a moveable board. 

5th. Above this square aperture is a slit parallel to the horizon, and which occupies 
the whole breadth of the box. It serves for introducing into the box a plane mirror, 
which slides between two rules so that the angle it makes with the horizon towards 
the door b is 112^^ or ) of a right angle. 

6th. The same mirror, when necessary, may be placed in a direction perpendicular 
to the horizon, as seen at h, by means of a small iron plate adapted to one of its sides, 
and furnished with a screw which enters a slit formed in the top of the machine, an4 
which may be screwed fast by a nut. 

7th. Within the box is another small mirror, l l, which turns on two pivots, fixed 
a little above the slit of No. 5, and which being drawn up or pushed down byrihe 
small rod 8, may be inclined to the horizon at any angle whatever. 
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8tli. That tlic machine may be siipplird with air, a tube of tin-philo, 
bent at both ends, as seen Fig. 8, may bo iittod into one of the sides, 
this will give access to the air without ndinitting hght. But it tins 
should not be sulliciont, a small pair of bellows, to be moved by the foot, 
may be placed below the seat, and in this manner the air may be conii- 
iiually renewed. 

Tlie diireient uses of this machine are as follow. 

I. — To rcpjrsnii ohjecis in their natuial situation. 

When objects are to be represented in this machine, extend a sheet of paper on tlie 
tabic, or rather stretched on a frame, 01 yon may einplo> a piece of strong card, and 
fix it in such a manner as to lemaiii immoveable. 

In the tube c, (Fig. 7.) place a convex glass, the focus of which is nearly equal to 
the height of the machine above the table ; open the back [lait of the box and 
having lemoved the mirror 11 , ns well as the board f, and the iiiles d k, incline the 
moveable mirroi l l, till it make with the horizon an angle of neail) *15°, it >ou intend 
to repieseiit objects at a considerable distance, and which form a perpendicular land- 
scape. When this is done, all those objects which tiansinit ravs to Ihcinirroi i. L, so 
as to be reflected on the convex gl<iss, will appeal p.iintcd on the paper frame: the 
point where the images are most distinct may be found, if the tube which contains 
the lens be lowered or raised by screwing it up or down. 

By these iiKans any landscatie, view' of a cil), ivc., may be exhibited with the 
greatest precision, 

II — To represent objects in such a manner^ as to mahe that tvhich is on the right 
appear on the lefty an>1 nee versa. 

The box x being in the situation rtpic'-cnlcd in the figure, open the door is, and 
having placed the miiror h in the sbt, and in the situation already immlioiK'd Iso. 5, 
raise the mirroi ll till it make with the hoiizon an angle of 22] degrees ; if the fore 
part of the machine be then turned ttivvards the objects to be lepresented, w'hich we 
here suppose to be at a considerable dist«uice, they will he seen painted on the papi*r, 
])ut tiaiisposed from* right to lett. 

It may sometimes be useful to make a di awing where the objects are transposed 
in this manner, for example, in the case when it is intended to he engraved; for as 
the impression of the plate wall transpose the figmes fioin right to left, they will 
then appear in their natural position. 

in. — To represent in succession all iht objects in the ncigllfiov/hoody and quite 
around the machine. 

Place the mirror h in a vertical position, us seen in the figure, and incline the 
mirror l at an angle of 45 degrees; it the former be then turned round vertically, 
the lateral objects will be seen painted in succession on the paper, in a very pleasant 
manner. 

It must here be observed, that it will be necessary to rover the mirror 11 with a 
kind of box made of pasteboard, open towards the objects, and also tow^ards the 
aperture n of the box x; for if the mirror h w'ere left entirely exposed, ii w'ould 
reflect on the mirror L a great many lateral rays, which would considerably weaken 
the effect. 


B. 



IV. — To represent the mage of Paintings or Pants. 

Affix the painting or print to the side of the hoaid \\ which is next to the mirror 
L, and in such a manner that it may be illiimindted by the sun. But as the object 
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in this case must be at a very small distance, the ttibe must be furnished with a 
glass, having its focal distance neaily equal to half the height of the machine above 
the paper ; if the distance of the painting from the glass be then equal to that of the 
glass from the paper, the figures of the painting will be represented on the paper 
exactly of the same size. 

The point at which the figures have the greatest distinctness, may be found, by 
moving backwards or forwards the board r, till the rcpiescntation be very distinct. 

Some attention is necessary in regard to the aperture of the convex glass. 

In the first place, tlie same aperture may in general be given to the glass as to a 
telescope of the same length. 

Secondly, this aperture must be diminished when the objects arc very much 
illuminated; and vice versa. 

Thirdly, as the traits appear more distinct when the aperture is small, than when 
it is large, if you intend to delineate the objects, it will be necessary to give to the 
glass as small an aperture as possible; but taking care not to extenuate the light* 
it will therefore he proper to have different circles of copper or of blackened paste- 
board to be employed for altering the size of the aperture, according to circum- 
stances. 

A small portable camera obscur.i is shewn in sec- 
tion (Fig. 9.). where dahc is a reetangrilar box, in 
which slides another i r g m, open at tire end e m, 
and in the centre of the end i^g is a double convex 
lens H. A K is a mirror inclined at an angle of 45^*, 
and 1 A is a piece of ground glad's, orr which the 
image formed in the focus of the lens is depicted, 
the rays winch would have formed an image on 
A it being icflectt'd to at by the minor ak. The 
box r M is drawn out till the image on the ground 
glass is quite distinct. Objects seen in this instrument are cn‘ct, but inverted ; 
but this defect may he remedied by placing the eanieia heforr* a miiror, and forming 
the picture on a t from the obiect as seen in the mirror, wlierc already riyht has been 
exchanged for left ; and a like change being made in the camera, the picture appears 
as in nature. 


Fig 9 
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Remark — On the top of the Royal Observatory, at Greenwich, was an excellent 
camera obscura, capable of containing five or «*ix persons, all viewing the exhibition 
together. All the motions of the glasses were easily pei formed by one of the per- 
sons within, by means of attached rods ; and the images were tin own on a large and 
smooth concave table, east of plaster of Paris, and moveable up and down, so as to 
suit the distances of the objects. Hut this fine instrument has been removed since 
Mr. Airy became Astronomer Royal. 


THE camera LTJCIDA. 

The Camera Lueida was invented by T)r. Wollaston in 1807, and has for its purpose 
the facilitation of the operations of the draughtsman. It consists of a quadrangular 
glass prism, by which the rays from an object are tw'iee lellectcd; the second re- 
flection correcting the tiansposition of right for left, caused by 
the first reflection. The form of the prism is shewn in the 
annexed figure. The faces a b and a d are at right angles to 
each other, and a c and ci) make with a b and ad respectively, 
angles of 074 degrees, and therefore with each other an angle 
of 135 degrees. 


Fig 10. 
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H. The object f (Fig. II), being opposite tbe face a c of the 

prism ; the rays proceeding from r pass thiAugl^ it, and are 
reflected from the surface c d to d b, and th^ce they are re- 

fleeted to the eye at e. The rays proceeding upwards to the 

jT? — reflection, the observer is led to imagine the 
* 7^1 image below the instrument at o, and placing his paper there 

I the image may be traced with a pencil. 

^ The prism is mounted in a brass frame supported by brass tubes 

sliding stiffly within one another, the tubes being slit at d and e 
12. (Fig* 12), so as to form a spring for that purpose ; and the 

instrument is furnished with a clamp at a, to fix it to the 
drawing board or sketching book. The prism is furnished 
at K with a piece of brass blackened, and perforated with 
“ small hole for directing the position of the eye. 
h%^ n 'Phe instrument should be leaned forward until the 

prism is directly over the middle of the space intended 
% to be occupied by tbe drawing ; the upper surface a b 

VI being parallel to the paper. If the eye be altogether 

jlc over this surface, the pencil cannot be seen, the lays 

M * from it do not pass directly through the prihiii ; but 

il Uy placing the hole of the eye- piece so as to be divided 

v| by the edge of the prism, and then applying the eye to it ; 

with one part of the pupil the image of the object is 
seen, and with the other part the pencil. 

It must he observed, that there is no image actually 
^ formed upon the paper, ab in the cumeia ohscura, but the 

image appears as fai below the instrument as the ol)ji‘Ct 
is before it ; and therefore the eye cannot, in the same state, sec both the pencil and 
the image distinctly. To lemcdy this inconvenience; to the brass frame of the 
prism are attached two lenses a, b, (Fig. 12.), the one eoneave and the other convex, 
the former to he turned up in front of the instrument, for short-sighted persons, and 
the hitler to be turned below for long sights. The size of the picluie always bears 
the same relation to the size of the ofijeet, that the distance fioin the eye to the paper 
docs to the distance of the object from the eye. Then by increasing the distance of 
the prism from the paper, by lengthening the tubes d, c, the drawing is increased in 
size, and vice vet ha. 

Fig. 13. fjPljg above is the form of the instrument generally employ- 

A ed ; but it is not the only one, nor perhaps the most ingenious. 

1^0 There are two forms of it invented by S. Amici, which we 

shall briefly describe. 

^ consists of a parallel jiiece of plate glass, c B, joined 

I to a reflecting speculum a. The rays from an object at b are 

^ i thrown on the speculum a, which is inclined to the surface of 

the glass c d, at an angle of 135®, and are reflected by it to the glass 
at £, and thence to the eye above. 


Fig. 14 . 



In the other, which Amici esteems the best, the rays are made 
to pass through the plate glass before striking on the speculum. 
Thus the ray from B (Fig. 12), passing through the glass is 
reflected by tbe speculum to c, and thence by the surface of the 
glass, to the eye. 
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THF KAT i:iI>ESCOPI'. 

The Kaleidescopc was invented by Sir D. Brewster, in 1814, while experimenting 
on the polarization of light. In a patent which he obtiiined tor it, it was descrilied 
as a new optical iiistrument “ for creating and exhibiting beautiful tonus.” The 
extreme simplicity of the instrument howcvei dcstioycd the etl’cct of the patent, as 
any one possessing the least mechanical skill can make one for himself. 

The name of the Kaleidescopc is derived from three Greek woids, xa\of beau- 
tiful, a form, and erxon-ieo to see. Tvvo rcflin*ting plates, tapered from one end 
to the other, to about half the breadth, are inclined to each other at an angle, wliiph 
must be an even aliquot part of 300°, and placed in a lube so that the point of 
meeting £ at the narrower ends of the plates is near the centre of the circular end 
r G of the tube, in which there is a hole for the eye ; and 
the edges c a and a u of the mirrors are in the plane of 

the other end of the tube, to which is fitted a oox made of 

two circular pieces of glass, the outer one being greved 
to render the light uniform. This box contains the 
ohjects, such ns beads, small pieces of coloured glass, &c. 

On looking ill at r, a beautiful coloured star it> seen, consisting of a number of idiii- 

tical sectors ; a greater number the ^mailer the angle between the reflecting plates. 

There are several modifications of the instrument depending on the number and 
position of the inlnois. 

3'he Polyantjular K.iltidcsrope, for instance, is so con- 
structed that b> menus of screws the angle of the mirrors can 
be varied, thus mcrea-^ing or diminishing the number of the 
sectoi s. 

In the Amiiilar Kaloulescope, by which w'O may obtain 
putteriis for ciicuhir boidcis, the nnirors arc not placed edge 
to edge, but as a c and B i) (Fig. IG.), piodueing a pattern 
surrounding a black circle. 

Ftg. 17 . 



Fig, 15. 
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When the plates a c and n d arc parallel, 
the pattern becomes lectilincul. (Fig. 17 ) 
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Kaleidescopes may be constructed also, with three or four leflecting plates, but 
those of three are limited to these three cases : 

The mirrors at angles of 90°, 45° and 45'’. 

The mirrors at angles of 90°, 60° and 30°. 

The mirrors at angles of 60°, 60° and 60°. 

Those of four reflecting plates must be of the form of a hollow square or rectangle. 
And lastly, by taking off the object box, and placing a lens so that the focus falls 
in the plane of c a and a b, (Fig. 15.) a stai is fotmed of the distant objects. 


PnOBBEM ITT. 

To explain the nature of V snony and its principal phenomena. 

Before we explain in what manner objects are perceived, it will be necessary to 
begin with a description of the wonderful organ destined for that purpose. 

The eye is a hollow globe, formed of three membranes, which contain humours 
of different densities, and which produces, in regard to external objects, the same effect 
as the Camera Obscura. The first or outermost of these membranes, ca]l(‘d the 
sclerotica^ is only a prolongation of that which lines the inside of the eye-lids. 
The second, called the choroidest is a prolongation of the membrane wliich covers 
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the optic nerve, as well as all the other nerves. And the third, which lines the 
inside of the eye, is an expansion of the optic nerve itself ; it is this membrane, 
entirely nervous, which is the ortfun of vision ; for, notwithstanding the experiments 
in consequence of which this function has been ascribed to the choroides, we cannot 
look for seiis.'ition any where else than in the nerves and nervous parts. 

In the fiont of the e}e the sclerotica changes its nature, and assumes a more 
convex form th.m the hall of the eye, forming here what is called the transparent 
cornea. The choroides, by being prolonged below the cornea, must necessarily leave 
a small vacuity, wlncli foiins the anterior receptacle of the aqueous humour. This 
prolongation of the chojoidc'i terminates at a circular aperture well known under 
the name of the pvpth The eolouied part which surrounds this aperture is called 
the irfs or uvea ; it is su'^eeptible of dilatation and contraction, so that when exposed 
to a strong light, the aperture of the pupil contracts, and in a daik place it dilates. 

This aperture of the jriipil is similar to that of the camera obsciira. Behind it is 
suspended, by a circular lig.Trncnt, a tranvpaicnt body of a certain consistence, and 
having the form of a lens : it is called the humour, and in this natural 

camera obsenra performs the same otlicc as Ihc glass in the artificial one. 

By this de«cr’[)lion it may he scon, th.it between the cornea and the crystalline 
hiiniour tlicic is a sort of cli.unbcr, divided into nearly two equal parts, and another 
between the cr\^tillinc luinioiir and the retina The first is filled with a transparent 
humour similar to water, on winch acroinit it has been called the aqueous humour. The 
second chamber filled with a bumoui of the same consistence almost as the white 
of an egg: it is known by the name of the vitieous humour. All these parts may be 
seen represented Fig IH; wliere a is the schTorica, h the cornea, c the choroides, d 
the letina, e the a]M‘ituie of the pupil, /f the uvea, A the crystalline humour, 1 1 the 
aqueous, /i k the viti cous, and / the optic nerve. 

The form of the cornea is a prolate spheroid, whose 
a\ts Is that of the eye ; the siii faces of the crystalline 
aic also spheroidal, the curvature of the inner sur- 
face being much greater than that of the outer,— 

J UTid (hcii »i\es neither coincide with each other, nor 
witli that ol the r*oinea. The density of the crystal- 
line lens increases from the surface to the centre. 
I’iiF \,inahlc density aids in correcting aberration: 
and the elliptic form of the surface is supposed to have the elltct of correcting the 
abei ration of rays falling obliquely on tliccjc. 

Ab it is evident, from the aliove description, that the eye is a camera obscura, but 
more complex than the aitifinal one before described, it may readily be conceived that 
the images of the external objects will he painted in an inverted situation, on the 
retina, at the bottom of it; and these images, by airecting the nervous membrane, 
excite in the mind the perception of light, colours, and figures. If the image 
he distinct and lively, the impression received by the mind is the same ; but 
if it he confused and obscure, the perception is confused and obscure also: this 
is sufTiciently proved by experiment. That such images really exist, may be easily 
shewn by employing the eye of any animal, such as that of a sheep or bullock; for if 
the back part ot it be cut off, so as to leave only the retina ; and if the cornea of it 
‘be phiced before the hole of a camera obscura, the image of the external objects will 
be seen painted on the retina at the bottom of it. 

But it may here be asked, since the images of the objects are inverted, how comes 
it that they are seen in their proper position? This question can h^ve no difficulty 
but to those yvho arc ignorant of mctapbjsics. The ideas indeed which we have of 
the upright or inverted situation of objects, in regard to ourselves, as well as of their 
distance, are ineiely the result of the two senses, seeing and touching combined. 


Fig. 18 . 
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The moment we begin to make use of our sight, we experience, by means of touch- 
ing, that the objects which affect the upper part of the retina, are towards our feet in 
regard to those that affect the lower part, which touching tells us are at a greater 
distance. Hence is established the invariable connection that subsists between the 
sensation of an object which affects the upper part of the eye, and the idea of the 
lowness of that object. 

Hut what is meant by lowness’ It is being nearer the lower part of our body. 
In the representation of anj object, the image of tbe lower part is painted nearer 
that of our feet than the image of the upper part ; in whatever place the image of 
our feet may be painted on tlie retina, this image is necessarily connected with the 
idea of inferiority ; consequently, whatever is nearest to it necessarily produces in the 
mind the same idea. The two sticks of the blind man of Descartes prove nothing here 
and Descartes would certainly have expressed himself in the same manner, hud he not 
adopted the doctrine of innate ideas, proscribed by modern metaphysics. 

PROBLEM IV. 

To construct an aitijicial eye t for exhibiting and explaining all the phenomena of vision. 

This machine may be easily constructed from the following description, a b d e 
1 ft a hollow ball of wood (Fig. 19.) five or six inches in diameter, formed of two hemi- 
spheres joined togethci at l m, and in such a manner, that they can be brought nearer 
to or separated from each other about half an inch. ' The seg- 
meiit A B of the anterioi hemisphere is a glass of uniform thick- 
ness, like that of a w'atch ; below which is a diaphragm, with 
a round hole about six lines in diameter in the middle of it ; f is 
a lens, convex on both sides, supported by a diaphragm, and 
having its focus equal to v c when the two hemispheres arc at 
then mean distance. In the last place, the part d c e is formed 
of a glass of uniform thickness, and concentric to the sphere, 
the interior surface of which, instead of being polished, is only rendered smooth, so 
as to be semi-transparent. Such is the artificial eye to which scarcely any thing is 
W'aiiting but the aqueousand vitreous humours ; and these might be represented also, 
by putting into the first cavity common water, and into the other water charged with 
a strong solution of salt. Hut for the expenuieiits w'c have in view, this is entirely 
useless . 

This small macliinc however nm\ be greatly simplified, by reducing it to two tubes 
of an inch and a half or two inches in diameter, one thrust into the other. The first, 
or anterior one, ought to he furnished with a lens of about three inches focus ; but 
rare must be taken to cover the whole of it except the part nearest the axis, which 
may be done by means of a circular piece of card, having in the middle of it a hole 
about half an inch in diameter. The extremity of the other tube may be covered with 
oiled paper, which will perform the part of the retina. The whole must then be 
arranged in such a manner that the distance of the glass from the oiled paper, 
may be varied from about two to four inches, by pushing in or drawing out one of the 
tubes, A machine of this kind may easily be procured by any one, and at a very small 
cxpence. 

Experiment 1. 

The glass or the oiled paper being exactly in the focus of tbe lens, if the machine 
be turned towards very distant objects, they will be seen painted with great distinct- 
ness on the retina. If the machine be lengthened or shortened, till the bottom part 
be no longer in the focus of the lens, the objects will be seen painted, not in a distinct, 
but in a confused manner. 
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Experiment 2. 

Present a taper» oi any other enlightened object, to the machine at a moderate dis- 
tance, such as three or four feet, and cause it to be painted in a distinct manner on the 
retina, by moving the bottom of the machine nearer to or farther from the glass. If 
you then bring the object nearer, it vv^ill cease tube painted distinctly ; .but the image 
will become distinct if the machine be lengthened. On the other hand, if the object 
be removed to a considerable distance, it will cease to be painted distinctly, and the 
image will not become distinct till the machine is shortened. 

Experiment 3. 

A distinct image, however, may be obtained in another manner, without touching 
the machine. In the first case, if a concave glass be presented to the eye, at a 
distance which must be found by trial, the painting of the object will be seen to 
become distinct. In the second case, if a convex glass be presented to it, the same 
effect will bo produced. 

These experiments serve to explain, in the most sensible manner, all the phenomena 
of vision, as well as (he origin of 1 hose defects to which the sight is subject, and the 
means by which they may be remedied. 

Objects arc never seen distinctly unless when they are painted in a distinct manner 
on the retina; but when the confoiiiiatioii of the eye is such, that objects at a 
moderate distance aie painted in a liistinct manner, those which are much nearer, 
or at a much gi eater di'^tance, cannot be painted with distinctness. In tile first case, 
the point of distinct vision is beyond the retina ; and if it were possible to change 
the form of the eye, so as to move the retina farthei from that point, or the crystal- 
line humour farther from the retina, the objects would be painted in a distinct manner. 
In the second case, the effect is contrary; the point of distinct vision is on this side 
of the retina; and, to pioduce distinct vision, the retina ought to be brought nearer 
to the crystalline himionr, or the latter nearer to the retina. We are taught by 
experience that in either case a change is produced, which is not made without some 
ctfort. But in what does this change consist? Js it in a prolongation or flattening 
of the e>e ; or is it in a displacement of the crystalline humour? This has never yet 
been properly ascertained. 

Ill regard to sight, there are two defects, of a contrary nature, one of which con- 
sists in not seeing distinctly any objects but such as arc at a distance ; and as this is 
generally a failing in bid persons, those subject to it are called ; the other 
consists in not seeing distinctly but very near objects ; and those who have this failing 
are called myopes. 

The cause of the first of these defects, is a certain conformation of the eye, in con- 
sequence of which the image of near objects is not painted in a distinct manner but 
beyond the retina. But the image of distant objects is nearer than that of neigh- 
bouring objects, or objects at a moderate distance ; the image of the former may 
therefore fall on the retina, and distant objects will then be distinctly seen, while 
neighbouring objects will be seen only in a confused manner. 

But to render the view of neighbouring objects distinct, nothing else is necessary 
than to employ a convex glass, ns has been seen in the third experiment: for a con- 
vex glass, by making the rays converge sooner, brings a distinct image of the objects 
nearer ; consequently it will produce on the retina a distinct picture, which otherwise 
would have fallen beyond it. 

In regard to the myopes, the case will be exactly the reverse. As the defect of 
their Bight is occasioned by a conformation of the eye which unites tKe rays too soon, 
and causes the point, where the image of objects moderately distant are painted with 
distinctness, to fall on this side the retina, they will receive relief from concave 
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gljisses interposed between the eye and the objret; for these glasses, l)y causing the 
rays to diverge, remove to a greater distance the distinct image, according to the tliiid 
experiment; the distinct image of objects which was before painted on this side the 
retina, will be painted distinctly on that membrane when a concave glass is employed. 

Besides, myopes will discern small objects within the reach of their sight much 
better than the presbytue, or persons endowed with common sight ; for an object 
placed at a smaller distance from the eje, lonns in the bottom of it a larger image, 
riearl)' in the reejprocal ratio of Ibe distance. Thus a mjopc, who sees distinctly an 
object placed at the distance of six incliLS, receives in the liottom of the eye an image 
three times as large as that painted in the e^e ot the person who does not see dis- 
tinctly but at ibe distance of eighteen inches : consequently all the small parts of 
this object will be magnified in the same proportion, and will become sensible to the 
myope, while tliey will escape the ob-iervation of the presb^tie. If a myope weie in 
such a state as not to see di'-tinctly but at the distaiuH* ol half an inch, objects would 
appear to him sixteen times ns large as to persons of ordinary sight, whose boundaiy 
of distinct vision is about eight inches : his eye would be an excellent microscope, 
and be would observe in objects what persons of oi dinary sight cannot discover 
without the assistance of that iii'-trumcnt. 


pnoRi.rAt V. 

To enust an object, whether seen near h md ot at a great distance, to appear always of 

the same size. 

The apparent magnitude of objects, every thing else being 
■' alike, is great«’r according as the image of the object painted on 

/ p \ the retina occupies a greater s[)ace. But the space occupied by 

I ^ an image on the retina, is neai ly proportioned to the angle formed 

~ ■“ by the extremities of the object, as may be readily seen by in* 

I spertmg Fig. 20; consequently it is on the size of the angle 

formed by the exticrae ra)s, proceeding from the object, which cross each other in 
the e>e, that the appaieni magnitude of the object depends. 

This being premised, let a n be the object, wbieli is to be viewed at different dis- 
tances, and always under the same angle. On a n, as a chord, describe any arc of a 
circle, as a c nil ; from every point of this are, as a, c, d, n, the object A b will be 
seen under flic same angle, and consequently of the same size ; for every one knows 
that all the angles having a n for their base, and their summits in the segment 
A c D B, are equal. 

The case will be the same with any other arc, as a c J ii. 


PROnLBAI Vl. 

Two unequal pails of the same straight line being given, whether adjacent or not ; 
to find the point where they will appear equal. 

no (Fig. 21.), and on the 
same side, construct the two similar isos- 
/ ' celcs triangles a f b and n <i c ; then from 

/ / \ \ centre r, with the radius fb, describe 

I n \ \ ’ ® circle, and from the point o, with the 

V ^ \ \\ / \ radius gb, describe another circle; inter- 

_ 1/ secting the former in d : the point d will 

I A. place required, where the two lines 

appear equal. 

For the circular arcs aebd and Bcri> arc, by construction, similar; and* hence 
it follows, that the angle a d b is equal to b n c, as the point d is common to both 
the arcs. 
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Remarks I^t. There arc a f*reat many points, such as d, which will answer the 

problem j and it may be demonstrated, that all these points are in the cireumferenee 
of a semicircle, described from the point i as a centre. This centre may he found 
by drawing-, through the siiiuinits f and ti of the similar triangles afb and bgc, the 
line FG, till it meet A c produced, in i. 

2d. If the lines a b and n o form an angle, the solution of the problem will be 
still the same ; the two similar arcs dcscriln d on a B and n c will necessarily intersect 
each other in some point r, unless they touch iiiB; and this point D will, in like 
manner, give the solution of th • pioblem. 

.‘1(1. The solution of the problem will be still the same, 
even if the unequal lines proposed, A b and b c (Fig. 22. ), 
are not contiguous ; only care must be taken that the 
radii f b and g of the two ciicles, be such, that the 
circles shall at least touch each other. If a b =; //, 
B i = r, & c = />, and AC=:d=:a + 6-+-c, that the two 
(‘iicles touch each other, f b must be at least = ^ a 



,nh-}-ac~{-bc-{-cr 
^ ah 




. . a b-\-n (' -t~ h r -(- r 

^ ah 


,1 . a b-\-c d 

or i 6 a/ — 

a h 


If these lines be less, the two circles 


will neitljcr touch nor cut emdi otlur. If they be greater, the circles will intersect 
each other in two points, which will each give a solution of the problem. Let 
for evample, be = 11, h = 2, and e = 1 : in this case g b will be found 2 = 

1-4142, and l t’ = .j .y 2 = 2* 1213, when the circles jnsf touch each other. 

4th. In the last place, if we suppose 
three unequal and contiguous lines, as 
AB, BC, CD (Fig. 23.), and if the point 
fiom which they shall all appear under 
/ \ ^ the same angle, be required, find, by the 

' j \ first article, the cireunifereiK'e B K F, &c., 

j \ , ^ from every point of which the lines a b 

I I and It r appear under the same angle ; find 

D n ^ ~ " also the aic c e g from which bc and <- d 

appear under the same angle ; then the 
point Avlierc these tw'o arcs intersect each other will be the point required. But to 
make these tw-o circles touch each other, the least of the given lines must be between 
the otlicr tw’o, or they must follow each other in this order, the greatest, the mean, 
and the least. 

If fhe lines a n. b c, and CD be not contiguous, or in one straight line, the problem 
becomes too diflieult to be admitted into this work. We shall therefore leave it to 
the ingenuity of such of our readers as have made a more considerable progress in 
the mathematics. 


PROBLEM VII, 


If be the length of a parterre, situated before an edifice, the front of which ia 
CD, required the point in that front from which the apparent magnitude of the 
parterre ad will be the greatest, (Fig, 24.) 

Fig. 24. 






Take the height c e a mean proportional between c b and 
ca; this height will give the point required. For if a circle 
be described through the points a, b, e, it will touch the line 
c E, in consequence of a well-known property of tangents and 
secants. Bui it may be readily seen that the angle A E b is 
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greater than any other a e n, the summit of which is in the line c d ; for the angle 
A e B is less than a ^ b, which is equal to a e b. 

PROBLEM VIII. 

A circle on a horizontal plane being given; it is tequired to find the position of 
the eye where its image on the perspective plane will be still a circle. 

We here suppose that the reader is acquainted with the fundamental principle of 
perspective representation, which consists in supporting a vertical transparent plane 
between the eye and the object, called the perspective plane. As rays are supposed 
to proceed from every point of the object to the eye, if these rays leave traces on 
the vertical plane, it is evident that they will there produce the same effect on the 
eye as the object itself, since they will paint the same image on the retina. The 
traces made by these rays are called the perspective image. 

Let AC (Fig. 25.) then be the diameter of the circle on 
the horizontal plane a c p, perpendicular to the perspective 
plane, qr, a section of the f>erspcctive plane, and po a plane 
perpendicular to the horizon and to the line a p, in which it 
is required to find the point o, where, if the eye be placed, 
the representation a r, of the circle a c, shall he also a circle. 

If p o be made a mean proportiontil between a p and c P, 
the point o wdl be the one required. 

For if PA be to po, as po to pc, the triangles pao and 
POO will be similar, and the angles pao and cop will be equal : the angles pao 
and rcQ, or J* a o and iiro, will also be equal; hence it follows that in the small 
triangle aco, the angle at c will be equal to the angle o a c, and the angle at o being 
common to the triangles a o ( and a o c, the other two, aco and c a o, will be also 
equal : A o then will be to c o, as c o tor/ o ; henee the oblique eone aco will be eut 
in a sub-contrary ninnncr, or sub-contrary position, by the veitical plane qr, and 
consequently the new section will be a circle, as is demonstrated in conic sections. 

PROBLEM IX. 

Whij is the image of the sun, whuk passes into a darkened apartment through a square 
or tfiangular hole, always circular f 

This problem was formerly proposed by Aristotle, who gave a very bad solution 
of it ; for he said it arose from the rays of the sun affecting a certain roundness, 
which they resumed when they had surmounted the restraint imposed on them by the 
hole being of a different figure. This reason is entirely void of foundation. 

To aecouni for tliis phenomenon, it must be observed that the rays proceeding 
fiom any object, whether luminous or not, which pass through a very small hole into 
a darkened chamber, form there an image exactly similar to the object itself; for 
these rays, passing through the same point, form beyond it a kind of pyramid similar 
to the flist, and having its 'summit joined to that of the first, and which, being cut 
by a plane parallel to that of the object, must give the same figure, but inverted. 

This being understood, it may be readily conceived that each point of the triangu- 
lar hole, for example, paints on paper, or on the floor, its solar imago round ; for 
every one of these points is the summit of a cone of which the solar disk is the base. 

Describe then on paper a figure similar and equal to that of the hole, whether 
square or triangular, and from every point of its periphery, as a centre, describe equal 
circles ; while these circles arc small, you will have at first a triangular figure with 
rounded angles ; but if the magnitude of the circles be increased more and more, till 
the radius be much greater than any of the dimensions of the figure, it will be ob- 
served to become rounder and rounder, and at length to be sensibly converted into a 
circle. 


Fig. 25. 

1 \ d 

i ;!> 
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But this is exactly what takes place in the darkened apartment ; for when the 
paper is held very near to the triangular hole, you have a mixed image of the triangle 
and the circle ; but if it be removed to a considerable distance, as each circular image 
of the sun becomes then very large, in regard to the diameter of the hole, the image 
is sensibly round. If the disk of the sun were square, and the hole round, the image 
at a certain distance would, for the same reason, be a square, or in general of the same 
figure as the disk. The image of the moon therefore, when increasing, is always, at 
a suHicient distance, a similar crescent, as is proved by experience. 

PROBLEM X. 

To make an object which ts too near the eye to be distinctly perceived, to be seen in a 
distinct manner, without the interposition of any glass. 

Make a hole in a card with a needle, and without changing the place of the eye 
or of the objec-i, look at the latter through the hole; the object will then be seen 
distinctly, and even considerably magnified. 

The reason of this phenomenon may be deduced from the follovring observations : 
When an object is not distinctly seen, on account of its nearness to the eye, it is 
because the rays proceeding from each of its points, and falling on the aperture of the 
pupil, do not convcige to a point, as when the object is at a proper distance: the 
image of each point is a small circle, and as all the small circles, produced by 
the different points of the object, encroach on each other, all distinction is destroyed. 
But when the object is viewed through a very small hole, each pencil of rays, pro- 
ceeding from each point of the object, has no other diameter than that of the hole ; 
and coubcquenily the image of that point is considerably confined, in an extent wHich 
scarcely surpasses the size it would have, if the object were at the necessary distance ; 
it must therefore be seen distinctly. 


PROBLEM XL 

When the eyes are directed in such a manner as to see a very distant object ; why do 
near objects appear double, and vice versa f 

The reason of this appearance is as follows. When we look at an object, we arc 
accustomed, from habit, to direct the optical axis of our eyes towards that point which 
we principally consider. As the images of objects are, in other respects, entirely 
similar, it thence results that, being painted around that principal point of the 
retina at which the optical axis terminates, the lateral parts of an object, those 
on the right for example, are painted in each eye to the left of that axis; and 
the parts on the left are painted on the right of it. Hence there has been es- 
tablished between these parts ots the eye such a correspondence, that when an 
object is painted at the same time in the left part of each eye, and at the same dis- 
tance from the optical axis, we think there is only one, and on the right; but if 
by a forced movement of the eyes we cause the image of an object to be painted 
in one eye, on the right of the optical axis, and in the other on the left, wc sec 
double. But this is what takes place when, in directing our sight to a distant 
object, we pay attention to a neighbouring object situated between the optical 
axes ; it may be easily seen that the two images which are formed in the two 
eyes are placed, one to the right and the other to the left, of the optical axis ; 
that is to say, on the right of it in the right eye, and on the left of it in the 
left. If the optical axis be directed to a near object, and if attention be at the 
same time paid to a distant object, in a direct line, the contrary will be the case. 
By the effect then of the habit above-mentioned, we must by one eye judge 
the object to be on the right and by the other to be on the left ; the two eyes 
are thus in contradiction to each other, and the object appears double. 

This explanation, founded on the manner in which we acquire ideas by sight, 
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is confirmed by the following fact. Cheselden relates that a man having sus- 
tained a hurt in one of his eyes by a blow, so that he could not direct the op- 
tical axes of both eyes to the same point, saw all objects double ; but tliis 
inconvenience was not lasting; the most fuiniliur objects gtadually began to appear 
single, and his sight was at length restored to its natural state. 

What takes place here in regard to the sight, takes place also in regard to the 
touch; for uhen two jiarls of the body which do not habitually correspond, in 
feeling one and the same object, are employed to touch the same body, we 
imagine it to lie double. This is a common experiment. If one of the fingers 
he placed over the other, and if any small body, such as a pea for example, be 
put between them, so as to touch the one on the right side, and the other on 
the left, you \Nould almost swear that you felt two peas. The explanation of 
this illusion di'pends on the same principles. 

PROBLEM XII. 

To cause an object^ sec/i distincfli/, and without the interposition of any opake or dta- 
jdwnmts hody^ to appear to the naked eye inverted* 

(\mstruct a sm<dl machine, such as tliat represented Fig. *20. It consists of two parallel 
ends, A R and c D, joined together hv a thud piece A c', halfanincli in breadth, and an 
incli and a half in length. Tliis may be easily done by means of a 
slip ol raid. Jii the middle of the end ab make a round hole k, 
about a line and a half in diameter; and in the centre of it fix 
tlie head of a pin, or the point of a needle, as seen in the figure : 
opfiosite to it in the other end make a hole f with a large pm , 
if}ou then apply jour eje to e, turning the hole F towards 
the light or the flamt* ofaeundle, jou will sec the head of the 
pin greatly niagiiified, and in an inverted position, as represented 
at G. 

The reason of ibis inversion is, that the head of the pin being exceedingly near tlie 
pupil of the eye, the rays whicli proceed from the point f are greatly divergent, on 
account of the hole v ; and instead of a distinct and inveited image, theie is painted 
at the bottom of tlie eye a kind of shadow in an upright position. Hut inverted images 
on the retina convey to the mind the ulea of upright objects ; consecpiently, as this 
kind ol image IS upright, it must convey to the mind the idea of an inverted object. 

PROBl.FM XIII. 

To cause an object, without the interposition of any body, to disappear from the naked 
eye, when turned towards it. 

For this expeiirnent we are indebted to Mariotte : and though the consequences he 
deduced from it have not been adopted, it is no less singular, and seems to prove a 
particular fact in the animal economy. 

Fix, at the height of tlie eye, on a dark ground, a small round piece of white paper, 
and a little lower, at the distance of two feet to the right, fix up another of about 
three inches in diameter ; then place yourself opposite to the first piece of paper, and 
having shut the left eye, retire backwards, keeping your eye still fixed on the first 
object: when you have got to the distance of nine or ten feet, the second will 
entirely disappear from your sight. 

This phenomenon is accounted for by observing, that when the eye has got to the 
above distance, the image of the second paper falls on the place where the optic nerve 
is inserted into the eye, and that according to every appearance this place of the retina 
does not possess the property of transmitting the impression of objects ; for while the 
nervous fibres in the rest of the retina are struck directly on the side by the rays pro- 
ceeding from the objects, they are struck here altogether obliquely, which destroys 


Fig, 2(>. 
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The above experiment may be perfoiined more neatly in the following manner. 
Having made three dots, thus — 

• • • 
close the left eye, and bring the right directly over the left-hand dot, and about three 
or four inches from the paper. Though the eye be directed steadily to that dot, the 
other two will be (list inctly recognised us existing. But drawing the head gradually 
back, when the, eye is about five or six inches from the paper the middle dot will 
disappear. Withdrawing a little further, it will re-appear ; and all three will be again 
visible: but moving a little further, the dot in the right will disappear: and on 
withdrawing a little further, still it will again appear, and all three will he visible. 

If the right eye he closed, and the left one brought over the dot on the right, 
similar phenomena will he observed. 

rnOBI.EM \TV. 

To cause an object to disappear to both eyes at once, though it may be seen by each of 

them sepajaiefy* 

Affix to a dark wall a round piece of paper, an inch or two in diameter, and a little 
lowci, at the distance of two feet on each side, make tw’o inaiks: then place your- 
self directly opposite to the paper, and hold tlie end of your fmger hefoieyour face, 
ill such a manner tliat when the right eye is open it shall conceal the mark on the 
left, and when tlie left eye is open the niaik on the right , if you then look with both 
eyes to the end of your finger, the paper, which is not at all roneealed by it from either 
of your eyes, will neverthcles') disappear. 

This expel imeiit is explained in the same manner as the former ; for by the means 
here employed, the image of the paper m.idc to tall on the inseition of the optic 
nerve of each eye, and hence the disappi-aianee of the object fiom both. 

riUUlLEM XV. 

An optical gamcj which proves that with one eye a person cannot judge well of the 
distance of an object. 

Present to any one a ring, or place it al some distance, and in such a manner fliat 
the plane of it shall he turned towards the pcivon’s face : then hid him sljut one of his 
eyes, and try to push through it a crooked stick, of sulhcieiit length to reach it: he 
will very seldom succeed. 

The reason of thisdilficulty may be easily given : it de{)cndR on the habit we have 
acquired of judging of the distances of objects by means of both our eyes; hut when 
we use only one, we judge of them vciy imperfectly. 

A person with one eye would not experience the same difficiilry : being accustomed 
to make use of only one eye, he acquiics the habit of judgrng of distances wdth great 
correctness. 


PROBLEM XVT. 

A person horn blind, having recovered the use o f his sight ; i f a globe and a cube 
which he has learnt to distinguish by the touch ate presented to him, will he he able, on 
the first view, without the aid of touching, to tell which is the cube, and which is the 
globe f 

This is, the famous problem of Mr. Molyneux, which he proposed to Locke, and 
which has much exercised the ingenuity of metaphysicians. 

Both these celebrated menthought — not without reason, and it is thcgcncral opinion — 
that the blind man, on acquiring the use of his sight, would not be able to distinguish 
the cube from the globe, or at least without the aid of reasoning ; and indeed, as Mr. 
Molyneux said, though this blind man has learned by experience in W'hat manner the 
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cube and the globe affect his sense of touching, he does not yet know how those 
objects which aifect the touch will affect the sight ; nor that the salient angle, which 
presses on his hand unequally when he feels the cube, ought to make the same impres- 
sion on bis eyes that it docs on his sense of touching. He has no means therefore of 
discerning the globe from the cube. 

The most he could do, would be to reason in the following manner, after carefully 
examining the two bodies on all sides : “ On whatever side I feel the globe,” he would 
say, I find it absolutely uniform ; all its faces in regard to my touch are the same ; 
one of these bodies, on whatever side I examine it, presents the same figure and the 
same face ; consequently it must be the globe.*’ But is not this reasoning, which 
supposes a sort of analogy between the sense of touching and that of seeing, rather 
too learned for a man born blind ? It could only be expected from a Saunderson. 
But it would be improper here to enter into farther details respecting this question, 
which has been discussed by Molyneux, Locke, and the greater part of the modern 
metaphysicians. 

What was observed in regard to the blind man restored to sight by the celebrated 
Cheselden, has since confirmed the justness of the solution given by Locke and 
Molyneux. 

When this man, who had been born blind, recovered his sight, the impressions lie 
experienced, immediately after the operation, were carefully observed ; and the fol- 
lowing is a short account of them. 

When he began to see, he at first imagined that all objects touched his eyes, as 
those with which he was acquainted by feeling touched his skin. He knew no figure, 
and was incapable of distinguishing one body from another. He had an idea that soft 
aud polished bodies, which affected his sense of touching in an agreeable maimer, 
ought to affect his eyes in the same way; and he was much surprised to find that 
these two things’had no sort of eonnoetion. In a woid, some months elapsed liefoic 
he was able to distinguish any form in a painting; foi a long time it appeared to him 
a surface daubed over with colours ; and he W'as greatly astonishi'd when he at leiigili 
saw his fathei in a miniature picture : he could not eompreliend how so large a visage 
could be put into so small a space; it appeared to him as impossilde, says the author 
from whom this account is extracted, as to put a cask of liquor into a pint bottle. 


PROBLr.M XVII. 

To cnnfitruct a machine hy means of which any objects whatever may he delineated 
in perspective, hy any person, though unacquainted with the rules of that set- 
ence. 

The principle of this machine consists in making the point of a pencil, which 
continually presses against a piece -of paper, to describe a line parallel to that de- 
scribed by a point made to pass over the outlines of the objects, the eye being in a 
fixed position, and looking through an immoveable sight. 


Fig. 27. 



The frame T, t, T, t (Fig. 27.), supported in a 
perpendicular direction hy the two pieces of wood 
so, sc, passing through the two lower corners of 
it, is adapted for receiving a sheet of paper, on 
which the objects are to be traced out in perspec- 
tive. The paper is extended on it, and kept in 
that position hy being cemented at the four corners. 
E F is a cross bar perpendicular to the two pieces 
sc, s G, and having at its extremity another piece 
The latter serves to support the perpendicular rod 


K D, moveable on on axis at k. 

D c, bearing a moveable sight b a, to which the eye is applied. 
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The piece of wood n p is moveable, and its extremity p is furnished with a slender 
point, terminating in a small button. Near its two extremities are fixed two pulleys, 
under which pass two small cords mm: these two cords are conveyed over the 
pulleys L, L, fixed at the corners t, t, of the frame, and then around two horizontal 
ones B, R ; by these means they fall on the other side of the frame, where they are 
fastened to the weight q, which moves in a groove, so that when the weight q rises 
or falls, the moveable piece of wood n p remains always in a situation parallel to 
itself. This piece of wood ought to be nearly in equilibrium with the weight, that 
it may be easily moved, when it is necessary to raise or to lower it a little : in the 
middle of it is fixed the pencil or crayon i. 

It may now be readily conceived that, if the eye be applied to the hole a, and 
if the moveable piece of wood n p be moved with the hand, in such a manner as to 
make the end r pass over the outlines of a distant object, the point of the pencil x 
will necessarily describe a line parallel and equal to that described by the point p ; 
and consequently will trace out on the paper o, o, against which it presses, the image 
of the object in exact perspective. 

This machine was invented by Sir Cristopher Wren, a celebrated mathematician, 
and the architect who built St. Paul’s. But if it be required to trace out any object 
whatever, according to the rules of perspective, the very simple means described in 
the following problem may be employed. 

PROBLEM xvni. 

Another method^ by which a person may represent an object in perspectivcy without 
any knowledge of the principles of the art^ 

This method of representing an object in perspective requires, in the same manner 
ns the preceding, no acquaintance with the rules of the art ; and the kind of machine 
employed is much simpler; but it supposes a considerable degree of expeitness in 
the art of drawing, or at least enough to be able to delineate in one small space w'hat 
IS seen in another. 

To put this method in practice, construct a frame of such a size, that when 
looking at the object from a determinate point, it may be contained within that 
frame. Then fix the place of the eye before the frame, and, in regard to its plane, 
in whatever manner you think proper. The best position for the eye, unless you 
intend to make a drawing somewhat fantastical by the position of the objects, will 
be in a line perpendicular to the plane of the frame, at a distance nearly equal to the 
breadth of the frame, and at the height of about two-thirds of that of the frame. 
This place must be marked by means of a sight or hole, about two lines in diameter, 
made in the middle of a square or circular vertical plane, of about an inch or two 
in breadth. Then divide the field of the frame into squares of an inch or two in 
size, by means of threads extended from the sides, and crossing each other at 
right angles. 

Then provide a piece of paper, and divide it, by lines drawn with a black lead 
pencil, into the same number of squares as the frame. When these preparations 
have been made, nothing is necessary but to apply your eye to the sight above- 
mentioned, and to draw in each square of the paper that part of the object observed 
in the corresponding square of the frame. By these means you will obtain an exact 
representation of the object in perspective ; for it is evident that it will be deli- 
neated such as it appears to the eye, and perfectly similar to the figure which would 
remain on any transparent substance extended on the frame, if the rays, proceeding 
from each point of the object to the eye, or the place of sight, should leave traces 
on that substance. The object, or assemblage of objects, will therefore be repre- 
sented in perspective with great accuracy. 
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Remark , — The same means maybe employed to demonstiate, in a sensible manner, 
without the least knowledge of geoinetiy, the truth of the gi cuter part of the rules 
of perspective; for if a straight line be placed behind the frame, in a direction 
perpendicular to its plane, you will sec its image pass through the point 
of sight, or through that point of the plane of the frame which corresponds to the 
perpendicular let fall from the eye on that plane. If the line be placed horizontally, 
and if you cause it to make an angle of 45 degrees with the plane of <he picture, 
you will see the image of it pass through one of those points called the points 
of distance. If this line be placed in any diiectioii whatever, you will see its image 
concur with one of the accidental points. It is in these three rules that the whole 
of perspective almost consists. 


l»UOBT.EM XIX. 

Of the apparent magnitude of the heauenfg bodies on the horizon. 

It is a well known phenomenon that the moon and sun, when near the horizon, 
appear much larger than when they are at a mean altitude, or neai the zenilh. This 
phenomenon has been the subject ol imich research to philosophers ; and some of 
them have given very bad cxplamilions of it. 

Those indeed who reason superficially, ascribe it to a very simple cause, viz. 
refraction ; for if we look obliquely, say they, at a crown piece immersed in watei, 
it appears to be sensibly magnilied. l»ut every body knows that the i lys which 
proceed* from the celestial bodies, experience a letracLion when they enter the 
atmosphere of the earth. The sun and moon are then like the eiown immersed in 
water. 

But those who reason in this manner do not reflect that, if a crown piece im- 
mersed in a denser medium appears magnified to the eye situated in a raier medium, 
the contrary ought to be the case when the eye is situated in a den^i' medium, while 
the crown piece i.s immersed in a rarer. A fHh would the ciowui jihtc out of the 
water much smallci than if it were in the water. But w'c are placed in tin' densi' 
medium of the atmosphere, while the moon and sun aic in n laier. liMead thcie- 
fore of ajipearing larger, they ought to ajipear smaller; and this iiideei! is the case, 
as is proved by the instrunients employed to measure the ajijian'iil magnitude ot llie 
celestial bodies: these instruments shew that the poi jiendieul.ir diametei of the sun 
and moon, when on the horizon, is shortened about tv\o minutes, which gives them 
that oval form, pretty apparent, under wdiich th.*v often ajipc'ar. 

The cause of this phenomenon must therefore he sought for in a meic optical 
illusion; and in our opinion the following explanation is tin* most probalde. 

When an object paints on the retina an image of a determinate size, the object 
appears to us larger, according as we judge it to be at a greater distance : and tins 
is the consequence of a tacit reasoning p.eity just, lor an (deject winch, at the 
distance of six hundred feet, is panned in the eye under ihe diameter of the line, 
must be much larger than that which is painted under the same diametei, though only 
at the distance of sixty feet. But when the sun and moon are on the horizon, a 
multitude of intervening objects give us an idea ol great distance; whereas when 
they arc near the zenith, a.s no object iiitenenes, they tqipear to be nearer us. In 
the former situation then they must excite an idea ol magnitude, quite different 
from what they do in the latter. 

We must however confess that this eX]danatioii is attended with some diffi- 
ciilties. 

Ist. When we look at the moon on the horizon through a tube, oi through the 
fingers bent into the form of one, the size of it appears to be much diminished, 
though the fingers conceal the intervening objects in a very imperfect manner. 2d. 
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We often see the moon rising behind a hill at a small distance, and on such occasions 
she appears to be exceedingly large. 

These facts, which seem to overturn the explanation before given, have induced 
other philosophers to endeavour to find out a different one. The following is that 
of Dr. Smith, a celebrated writer on optics. 

The celestial arch does not exhibit to us the appearance of a hemisphere, but that 
of a very oblate surface, the elevation of which towards the zenith is much less 
than its extension towards the horizon. The sun and moon also appear under the 
same angle, whether at the horizon or near the zenith. But the intersection of a 
determinate angle, at a mean distance from the summit, is less than at a greater. 
The projection therefore of the sun and moon, or their perspective image on the 
celestial arch, is less at a great distance from the borizo^i than in the neighbourhood 
of it. Consequently, when at a distance from the horizon they must appear lers than 
when they are near it. 

This explanation of the phenomenon is very specious. But may it not here be 
asked, why these two images, though seen under the same angle, appear one greater 
than the other ? Are wc not still obliged to have recourse to the former explana- 
tion? But for the sake of brevity we shall leave the discussion of these two ques- 
tions to the reader. 

It is sufficient that it is fully demonstrated that this apparent magnification is not 
produced by a larger image painted on the retina. In rcgaid to the moon, it is even 
somewhat less ; since that luminary, when on the horizon, is farther from us, by about 
a semi-diameter of the earth, or a sixtieth pari, than when she is very much elevated 
above the horizon. In a word, this phenomenon is merely an optical illusion, what- 
ever may be the cause, which is still very obscure, but in our opinion it seems to 
depend chiefly on the idea of great distance exited by the intervening objects, 

PROBLEM XX. 

On ihe converging appearance of parallel rows of trees* 

The phenomenon which is the subject of this problem, is well known. Every per- 
son must have observed, that when at the extremity of a very long walk, planted on 
each side with trees, the side*; instead of appearing parallel, as they really are, seem to 
conveige towards the other end. The case is the same with the ceiling of a long gal- 
lery ; and indeed when it is necessary to represent these objects in perspective, the 
sides of the walk or ceiling mu-^t be represented by converging lines; for they are 
really so in tlaf small image or picture painted at the bottom of the eye. 

Other considerations however are necessary, in order to givq a complete explana- 
tion of the phenomenon ; for as the apparent magnitude of olyects is not measured by 
the real magnitude of the images painted in the eye, but is always the result of the 
judgment formed of their distance by the mind, combined with the magnitude of the 
image present in the eye, the sides of a walk are far from appearing to converge with 
so much rapidity, as the lines which form the image of them in the perspective plane, 
or in the eye. M. Bouguer first gave a complete explanation of what takes place 
on this occasion ; it is as follows : 

As the ceiling of a long gallery appears to an eye, placed atone extremity of it, to 
become lower, the case is the same with a long level walk, the sides of which are 
parallel ; the plane of that walk, instead of appearing horizontal, seems still to rise. 
For the same reason, as when on the sea shore, the water appears like an inclined 
plane which threatens the earth with an inundation. Some superstitious persons, 
little acquainted with the principles of philosophy, have considered this inclination as 
real, and the apparent suspension of the waters as a visible and continued miracle. In 
like manner, in the middle of an immense plain we see it rise around us, as if we were 
at the bottom of a very broad and shallow funnel. M. Boguer has taught us a very 
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ingenious method of determining this apparent inclination ; but it will be sufficient 
here to say that, to most men, it is about 2 or 3 degrees. 

Let us then suppose two horizontal and parallel lines, and an inclined plane of 
2 or 3 degrees passing below our feet : it is evident that these two horizantal lines 
will appear to our eye us if projected on that inclined plane. But their projection on 
that plane will be two lines concurring in one point, viz., that where the horizon- 
tal drawn from the eye would meet it. We must therefore see these lines as con- 
vergent. 

It thence follows, that if, by any illusion peculiar to the sight, the plane where the 
parallel lines are situated, instead of appearing inclined upwards, should appear de- 
clined downwards, the sides of the walk would appear divergent. This, Dr. Smith, 
in his Treatise of Optics, saj^s is the case with the avenue at the seat of Mr. North, 
in the county of Norfolk. But it is to be wished that Dr. Smith had described, in a 
more minute manner, the position of the places. However wc shall solve, according 
to these principles, another curious problem, which has been much celebrated among 
opticians. 


PllOBLEM XXI. 

In what manner mvat we proceed to trace out an avenue, the sides of which, when seen 
from one of its extremities, shall appear parallel ? 

Suppose an inclined plane of two degrees and a half, and that two parallel lines are 
traced out on it. From the eye suppose tw^o planes passing through these lines, and 
which being continued, cut the horizontal plane in two other lines ; these two lines 
will be convergent, and if continued backwards will meet behind the spectator. 

Nothing then is necessary but to find this point of concurrence, which is very easy ; 
for any one in the least acquainted with geometry, must perceive that it is the point 
w'hcre a lii’e drawn thiough the eye, parallel to the above inclined plane, and in the 
direction of the middle of the avenue, meets with the horizontal plane. Let a 
line then inclined to the hoiizon two or three degrees, be drawn through the eye of 
the spectator, and in the vertical plane passing through the middle of the avenue; 
the point where it meets the horizontal plane will be that where the tw^o sides of the 
avenue must unite. If from this point, thcrcfoie, two straight lines be drawn through 
the two extremities of the initial breadth of the avenue, they will trace out where all 
the trees ought to be planted, so as to appear to form paiallel sides. 

If the height of the eye be supposed equal to 5 feet, and the breadth of the com- 
mencement of the avenue to he 36, the point of concurrence will be found by calcula- 
tion to be 102 backwards, and the angle formed by the sides of the avenue ought to be 
about IB degrees. It is difficult however to believe, that lines which form so sen- 
sible an angle will ever appear parallel to an eye witbin them, in whatever point it 
may be placed. 


PROBLEM XXU. 

To form a picture which, according to the side on which it is viewed, shall exhibit two 

different subjects. 

Provide a sufficient number of small equilateral prisms, a few lines only in breadth, 
and in kngth equal to the height of the painting which you intend to make, and 
place them all close to each other on the ground to be occupied by the painting. 

Then cut the painting into hands equal to each of the faces of the prisms, and 
cement them, in order, to the faces of the same side. 

When this is done, take a painting quite different from the former, and having 
divided it into bands in the same manner, cement them to the faces of the opposite side. 

It is hence evident, that when cn one side you can see only the faces of the prism 
turned towards that side, one of the paintings will be seen ; and if the picture be 
looked at on the opposite side, the first will disappear, and the second only will be seen. 



DISTORTIONS OP F10URB8. 


291 


A painting may even be made, which when seen in front, and on the two sides, 
shall exhibit three different subjects. For this purpose, the picture of the ground 
must be cut into bands, and be cemented to that ground in such a manner, that a 
space shall be left between them, equal to the thickness of a very fine card. On 
these intervals raise, in a diioctiori perpendicular to the ground, bands of the same 
card, nearly equal in height to the interval between them ; and on the right faces of 
these pieces of card cement the parts of a second painting, cut also into bands. In 
the last place, cement the parts of a third picture, cut in the same manner, on the 
left faces of the pieces of card. It is evident that when this picture is viewed 
in front, at a certain distance, the bottom painting only will be seen ; but if you 
stand on one side, in such a manner that the height of the slips of card conceals from 
you the bottom, you will see only the picture cemented in detached portions to 
the faces turned towards that side : if you move to ♦^he other side, a third paint- 
ing will be seen. 


PROBLEM XXIII. 

To describe on a ^/lane a distorted figure^ which when seen from a determinate point 
shall appear tn its just proportions. 

A figure, such for example as a head, may be disguised, that is to say distorted, in 
such a manner, as to exhibit no proportion, when the plane on which it has been 
drawn is viewed in front ; but when viewed fiom a certain point it shall appear 
beautiful, that is to say, in its just propoitions. This may be done in the following 
manner : 

Having drawn on a piece of paper, in its just pn»- 
portions, the figure you intend to disguise, describe 
a square around it, as a bcd (Fig. 28), and divide 
it into several othei small squares, which may be 
done by dividing the sides into equal parts, for ex- 
y ample seven, and then drawing straight lines through 
I the corresponding points of division, as the engravers 
^ do when they intend to make a reduced drawing 
from a picture. 

Then describe, at pleasure, on the proposed plane, 
^ a parallelogram e m f o, and divide one of the two 
shorter sides, as e g, into as many equal parts as i> c, one of the sides of the 
square abcd, which in this case arc seven. Divide the other side mf, into two 
equal parts, in the point ii, and draw from it to the points of division of the 
opposite side e g, as many straight lines, the two last of which will be h e and h a. 

Having then assumed at pleasuie, in the side mf, the point i, above the point 
H, as the height of the eye above the plane of the picture, draw from i to the 
point E, the straight line e i, which will cut those lines proceeding fiom the 
point H, in the points 1, 2, 3, 4, 5, C, 7. Through these points of intersection 
draw straight lines parallel to each other, and to the base e g of the triangle 
UGH, which will thus be divided into as many trapeziums as there aie little 
squares in the square a bcd. Hence, if the figure in the square a bcd be 
transferred to the triangle e g n, by making those parts of the outline contained 
in the different natural squares of a n c D, to pass through the corresponding 
trapeziums or perspective squares, the figure will be found to be distorted. But 
it may be seen exactly like its prototype, that is to say as in the square a b c D, 
if it be viewed through a hole k, which ought to be small towards the eye and 
wide towards the object, made in a small board l, placed perpendicularly in h, 
so that the height L K shall be equal to H r, which must never be very great, 
in order that the figure may be more distorted in the picture. 

D 2 


Fig. 28. 
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In the convent of the Minimcs de la Place Royale there is a Magdalen at pra)!erf 
distorted in the same manner, which has some celebrity. It is the work of 
Father Niceron of that order, who fiequently employed himself on this kind of 
optical amusement. 

Several other anamorphoses may be made in the same manner, by painting, for 
example, on a curved surface, either cylindric, or conical, or spherical, a certain 
figure, which when seen from u determinate point shall appear regular; but as 
this does not succeed so well in practice as in theory, wc think it needless to 
say any thing further on the subject, while there are so many others much more 
curious. Those persons who are fond of such optical curiosities may consult La 
Perspective Curieuse of Father Niceron, where they will find the subject treated 
of at full length. 


PnOBLEM XXIV. 

Any quadrilateral figure being given ; to find the different parallelograms or rectangles 
of which it may he the perspective representation. Or any parallelogram ^ whether 
right-angled or wot, being giveny to find its position, and that of the eye f which shall 
cause its perspective representation to be a given quadrilateral. 

Let tbe given quadiilateial be the trapezium 
A BCD (Fig. 129), w'Lich wc shall suppose the most 
inegular possible, having none of its sides parallel. 
Continue the sides ab and C3>, till they meet in f, 
and the sides a d and b c, till they meet in e ; then 
draw' K F, and through the point a, draw g h, pa- 
rallel to it. Whatever be tbe position of the eye, 
provided what is called the point of sight be in the 
line F F, or not only in i: i, but in the continuation 
of it on both sides ; the object, of which the quad- 
rilateral A n CD is the perspective representation, will be a parallelogram. 

For all persons acquainted with the rules of perspective, know that lines parallel 
to each other on a horizontal plane, when represented in peispeetive meet in one 
point of the line parallel to the horizon, drawn through the point of sight. Thus 
all the lines perpendicular to the ground line, meet in the point of sight itself : 
all those which form with that line an angle of 45®, coneur in what is called the 
points of distance; and those which form a greater or lc8» angle, concur in other 
points which are always determined by drawing from the eye to the jiicture a 
line parallel to those of which the perspective representation is required. All the 
lines then, which in the picture concur in points situated in the line of the point of 
sight, arc images of horizontal and parallel hues. Thus, the lines on the horizontal 
plane, which have as representatives in the picture the lines ii c and a d, are 
parallel ; and the case is the same with those which give the lineal images a b and 
D c. But two pairs of parallel lines necessarily form, by their intersection, a parallel- 
ogram. The object then of which tbe quadrilateral a a c u is the image, to an eye 
situated in the line f e, wherever the point ot sight may be, is a parallelogram. 

This being demonstrated, we shall first suppose that tbe required object is a rect- 
angle To find ill this case the place of the eye, divide the distance f e into two 
equal parts in i, and suppose the eye situated in such a manner that the perpendi- 
cular, drawn from its phic^to the painting, shall fall on the point i; and that the 
distance is equal to i e or i f : the points v and i will then be what, in the language 
of perspective, is called the points of distance. Continue the lines c b and c d to 
G and H in the ground line: tbe lines net and a d f will be the images of the lines 
which form with the ground line angles of 45 degrees. The case will be tbe same 
with those of which g c e and a o e are the images. If tbe indefinite lines ude and 
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A bf inclined to the ground line at an angle of 45 degrees, be then drawn on the one 
side and on the other, and in a contrary direction, the lines q b c and a </, inclined 
also at half a right angle, these lines will necessarily meet at right angles, and 
form the rectangle Abed, 

If the point of sight be supposed in another point, for example e, that is to say, 
if we suppose the eye to he directly opposite to the point E, and at a distance equal 
to E K, after drawing e l and t M pei pendicular to the ground line in the plane of the 
picture, we must draw to the same ground line, in the hoiizontal plane, the perpen- 
dicular L N, equal to ek, and then the line nm, making with the ground line the 
angle lmn. If we then draw to the points a and a the indefinite perpendiculars 
A A and G K, and through the points a and ii the indefinite lines H k and a making 
with the ground line angles equal to lm n, and in a contrary direction ; these two 
pairs of lines will meet in 0, k, A, and evidently form an oblique parallelogram, which 
will be the objict of which bc u a is the representation, to an eye situated opposite 
to E, and at a distance from the picture equal to E K. 

If the sides a h and c<f, in the rectangle a Act/, were divided into equal parts by 
lines parallel to the other sides, it is evident that these parallels, being continued, 
would cut the line a g into as many equal parts. The case would be the same with 
lines parallel to a A and rd dividing into equal portions the sides a d and Ac; the 
line AH would likewise be divided by them into equal parts. Thus we have the 
means of dividing the trapezium a b c d, if necessary, into lozenges, which would be 
the representation of the squares into which a Arc/ might be divided. 

Wc shall give hereafter the solution of a very curious problem, in regard to orna- 
mental gardening, which is a consequence of the one here solved. 

OF PLANE MIRRORS. 

Plane mirrors arc those the reflecting surface of which is plane ; as is the case 
with the common glass miirors uM*d for decorating npaitmciits. Plane mirrors may 
bc made also of metal. Of this kind W'cre those of the ancients j but since the 
invciitioH of glass, metallic mirrors are never used, except small ones for certain 
optical instruments, uhere it is necessary to avoid the double reflection produced by 
glass, one from the antei-ior and the other from the posterior surfaec. It is the 
latter which gives the liveliest image; for if the silvering be scraped fiom the back 
of a mirror, )ou will see the bright image immediately disappear almost entirely, 
and that which remains in its place will scarcely be equal to that produced by the 
nearer surface. 

But in catoptrics, in general, the two surfaces of a mirror arc supposed to be at 
such a small distance fiorn each other, as to produce only one image ; otherwise the 
determinations given by this science would require to be greatly modified. 

PROBLEM XXV. 

A point of the object B, and the place of the eye A, being given; to find the point 
of reflection on the surface of a plane miiror. (Fig 30.) 

Through b, the given point of the object, and a, 
the place of the eye, conceive a plane perpendicular 
to the mirror, and cutting it in the linecD : from the 
point B, draw b d perpendicular to cd, and continue 
it to F, so that » F and d b shall be equal : if through 
the points f and a, the line a f he drawn, intersecting 
c D in E, the point k will be the point of reflection ; 

B E will be the incident ray ; b a the reflected ray ; 
and B i: d, the angle of incidence, and a e c, the 
angle of leflection, will be equal. 


Fig. 30. 
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For it it evident, by the construction, that the angles bed and d b v are equal ; 
but the angles d e » and a e c are also equal, being vertical angles ; therefore, &c. 

PROBLEM XXVI. 

The eame supposition being made as before ; to find the place of the image of the 

point B. 

The place of the image of the point b is exactly in the point r. But we shall not 
assign as the reason what is commonly given in books on catoptrics, viz., that in 
mirrors of every kind the place of the image is in. the continuation of the reflected 
ray, where it is intersected by the perpendicular drawn from the point of the object 
to the reflecting surface : for what ctfect can this perpendicular, which is merely 
imaginary, have to fix the image in this manner, in the point where it meets with 
the reflected ray continued, rather than in any other point ? This principle then is 
ridiculous, and void of foundation. 

It is however true that, in plane mirrors, the place where the object is perceived, 
is in the point where the above perpendicular meets with the reflected ray produced ; 
but this is accidental, and the reason is as follows. 

All the rays which emanate from the object B, and are reflected by the mirror, 
meet, if produced, in the point F : their arrangement then, in regard to the eye, is 
the same as if they proceeded from the point F. Consequently they must make 
the same impiession on the eye, as if the object were in f; for the eye would 
not be otherwise affected, if they really proceeded from that point. 

Hence it may be concluded that, in a plane mirror, the object appears to be as 
far behind, as it is distant from the mirror. 

It therefore follows, that a f, the distance of the image f from the eye, is equal 
to the sum of b e, the ray of incidence, and A e the ray of reflection, since b e and 
E F are equal. 

It thence follows also, that when the plane mirror is parallel to the horizon, as 
c D, a perpendicular object, such as b d, must appear inverted. 

In the last place, when we look at ourselves in a mirror, the left seems to be on 
the right, and the right on the left. 


PROBLEM XXVII. 

Several plane mirrors being given, and the place of the eye, and of the object ; to find 
the course of the ray proceeding from the object to the eye, when reflected two, three, 
or four times. 

Let there be two mirrors, a b and c d, (Fig. 31.), and let o f e be the perpendicu* 
lar, drawn from the object o to the mirror a b, and continued beyond it, so that f e be 
equal to of; and let 8 H i be the perpendicular drawn from the eye to the mirror 
c D, and contin\^cd till h i be equal to h s ; join the points i and e by the line E i, 

which will intersect the mirrors in g and k ; and 
if the lines o o, g k, and k s be then drawn, they 
will represent the course of the ray, proceeding 
from the point o to the eye by two reflections. 

Or, from the point E, the first part of the con- 
struction remaining the same, let fall, on the mirror 
c the perpendicular elm, and continue it be- 
yond it, till L M be equal to L £ ; draw the line 
8 M, intersecting c d in k ; and from the point k, 
the line k e, intersecting a b in o ; if g o be also drawn, the lines o g, g k, and s s 
will represent the course of the ray proceeding from the point o, and conveyed to 
the eye by two reflections. 

In this case, the point M will be the image of the point o, and the distance s m 
^•ill be equal to the sum of the rays be, eg, and g o. 
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Fig, 32. 


If wc suppose three mirrors, and three reliections, the course which the incident ray 
must pursue, in order to reach the eye, may he found in the same manner. For this 
purpose, let o i (Fig. 32.) be the perpendicular drawn 
Trom the object to the mirror a ij, and let h i be 
equal to II o. From the point i draw i k perpendi- 
cular to c B, produced if necessary, and make k m 

^ V. equal to M i: from the point K let fall mi n c pro- 

^ dured the perpendicular k n, and continue it to l, so 

that L N shall be equal to K n : diavv s l., nhich 
will intersect c D in c ; and from the point o the line 
o K, which will intersect c u in p; if the line f i, 
intersecting a b in e, he then diavvn from the point r, and also the line n o, lin n 
the line e o will be that according to which the incident ray must full on the 
first mirror, to reach to eye s, alter three reflections at b, f, and o. 

In this case the point L will be the apparent place of the image of the object, 

to an eye situated in 8 ; and the distance s l wdll be equal to s o, or, f e, 
and E o, taken all together. 

The application of this problem is generally shewn at Ihe game of billiards; but as 
we have already treated that subject, under the head mechanics, the reader is referied 
to that article. 



PROBLEM XX VIII. 

Various properties of plane mirrors, 

I. In plane mirrors the image is always equal and similar to the object. For it may 
be easily demonstrated, that as each point of the image seems to be as far within the 
mirror as the object is distant from it, each point of the image is similarly situated, and 
at an equal distance inregaid to all the rest, as in the object: the result must there- 
fore necessarily be the (‘quality and similarity ol the image and object. 

II. In a plane mirror, what is on the light appears in the object to be on the 
left, and vice versa. This may be easily proved in the following manner. If a 
piece of common writing be held before a mirror, it cannot be read ; as the word 
GENERAL, for example, will appear under the annexed foiin, hut on the other hand, 

if the latter word he presented to the mirror, ljjneraL will 
Fig. 33. appear. This affords the means of forming a sort of secret 

JAHa/ao writing; for if we write fioin right to left, it cannot be read 

• by those ignorant of the artifice; but those acquainted with it, 

by bolding the writing before a mirror, will see it appear like common writing. 
This method however must not he employed for concealing secrets of great iinpoit- 
anee, as there are few persons to whom it is not known. 

III. In a plane mirror, when you can sec yourself at full length, at whatever dis- 
tance you remove from it, you will always sec your whole body ; and the height of 
the mirror occupied by your image will alwajs be equal to the half of jour height. 

IV. If one of the sun’s rays be made to fall on a plane mirror, and if an angular 
motion be given to the miiror, the ray will be seen to move with a double angular 
motion ; so that when the mirror has passed over 90'', the ray will have passed over 
180 ". 

V. If a plane mirror be inclined to a horizontal surface, at an angle of 45", its image 
will he vertical. 

VI. If two plane mirrors be disposed parallel to each other; and if any object, such 
as a lighted taper, he placed between them ; you will see in each along series of taperi 
which would be extended in infinitum, did not each image become fainter in proper* ^ 
tion as the reflections by which they are produced become more numerous. 

VII. When two mirrors are disposed in such a manner as to form an angle of at 
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least 120*, several images will be seen, according to the position of the eye. If the 
angle of the mirrors be diminished, without changing the place of the eye, these 
images will be seen to increase in number, as if they emerged from behind an opake 
body. 

It must be observed, that all these images are in the circumference of a circle, 
described from the point where the mirrors meet, and passing through the place 
of the object. 

Father Zacharias Traber, a Jesuit, in his Nervus Opticus^ and Father Tacquet, 
in his Optic», have carefully examined all the cases resulting from the different 
angles of these mirrors, as well as from the different positions of the eye and the 
object. To these ive refer the reader. 

VIII. When a luminous object, such as the flame of a taper, is viewed in a 
plane glass mirror of some thickness, several images of that object are perceived; 
the first of which, or that nearest the surface of the glass, is less brilliant than 
the second ; the latter is the mo«>t brilliant of the whole ; and after it, a series of 
images less and less brilliant arc observed, to the number sometimes of five or six. 

The first of these images is produced by the anterior surface of the glass, and the 
second by the posterior, w'hich being covered with tin-foil, must produce a more lively 
reflection: it is therefore the most brilliant of the whole. The rest are produced by 
the rays of the object, which reach the eye after being several times reflected from 
the anterior, as well as posterior, side of the mirror. This phenomenon may be 
explained as follows. 


Let v X (Fig. 34.) be the thickness of the glass, a 
the object, and o the place of the eye, which we shall 
suppose to be both equally distant from mirror. 
Of all the small bundles of incident rays, there is one 
A B, which being reflected by the anterior surface in b, 
is conveyed to the eye b> the line b o, and forms at a' 
the first linage of the object. Another, as a c, pene- 
trates the glass, and being refracted into the line c d, 
is wholly reflected into n f, on account of the opacity 
of the posterior side of the mirror, and being again 
refracted at e proceeds to o, and forms at a" the live- 
liest image of the point a. 

Another small bundle a f penetrates also the glass, is refracted along the line f g, 
and reflected in the direction of o b, from which a part of it issues, but cannot reach 
the eye; the other part is reflected in the direction bh, and then into hi, from 
which a small part is still reflected, but the remainder issues from the glass and is 
refracted in the direction of the line i o, by which it reaches the eye ; consequently 
it produces the third image, at weaker than the other two. 

The fourth image is formed by a bundle of incident rays, which experience two 
refractions like the rest, and five reflections, viz., three from the posterior surface 
of the glass, and two from the anterior. In regard to the fifth, it requires two 
refractions and seven reflections, viz., three from the anterior surface, and four from 
the posterior ; and so of the rest. It may hence be easily conceived how much the 
brightness of the images must be dimished, and therefore it is very uncommon to see 
more than four or five. 


Fig. 34. 



PROBLEK XXIX. 

To dispose several mirrors in such a manner, that you can see yourself in each 
of them, at the same time. 

To produce this effect, nothing is necessary but to dispose the mirrors on the cir- 
cumference of a circle, in such a manner, that they shall correspond with the chords 
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of that circle ; if you then place yourself in the centre, you will see youf image in 
all the mirrors at the same time. 

Remark If these mirrors are disposed according to the sides of a regular polygon, 

of an equal number of sides, such as a hexagon or octagon, which seem to be 
fittest for the purpose, and if all the mirrors are perfectly vertical and plane, thc'y 
will form a sort of cabinet, which will appear of an immense extent, and in whatever 
part of it you place yourself, you will see your image, and imfliensely multiplied. 

If this cabinet be illuminated in the inside, by a lustre placed in its centre, it will 
exhibit a very agreeable spectacle, as you will see long rows of lights towards what- 
ever side your sight is directed. 


PROBLEM XXX. 

To measure^ by means of r^ection^ a vertical height^ the bottom of which is 

inaccessible. 

We shall here suppose that a b (Fig. 35.), the vertical 
height to be measured, is that of a tower, steeple, or 
such like. Place a mirror at c, in a direction perfectly 
horizontal; or, because this is very difficult, and as the 
least aberration might produce a great error in the mea- 
surement, place in c a vessel containing water, which will 
reflect the light in the same manner as a mirror. The 
eye which receives the reflected ray being at o, measure with care the height o d 
above the horizontal plane of the mirror at c; measure also dc as well as c b, if the 
latter is accessible, and then say: As ci), is to do, so is cb to a fourth proportional 
BA, which will be the height required. 

But if the bottom of the tower be not accessible, to measure the height a b, wc 
must proceed as follows : 

Having perfoimcd every ptirt of the preceding operation, cxcc*p.t measuring cn, 
w'hich by the supposition is impossible, take another slation, ns c, and place theie a 
mirror or vessel of water : then taking your station in rf, from which you can see the 
point A, by means of the reflected ray co, measure cd and do. When this is done, 
you must employ the following proportion : As the difference between r n and cd is 
to CD, so is cc, the distance between the two points of reflection, to a fourth pro- 
portional, which will be the distance nc, before unknown. 

Wben*BC is known, nothing is necessary but to make use of the proportion indi- 
cated in the first case, wdiich will give the hoight A b. 

We do not consider Ibis operation as susceptible of much accuracy in practice. 
Methods purely geometrical, if good instruments are employed, ought always to he 
preferred ; but we should perhaps have been considered as guilty of an omission, had 
wc taken no notice of this geometrico-catoptric speculation, though it has never 
perhaps been put in practice. 


Fig. 35. 


. j :i. , 
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PROBLEM XXXI. 

To measure an inaccessible height by means of its shadow. 

Fix a stick in a perpendicular direction, on a plane perfectly horizontal, and mea- 
sure the height of it above that plane, which we shall suppose to be exactly 6 feet. 
When the sun begins to sink towards the horizon in the afternoon, mark on the 
ground which is accessible the point c (Fig. 36.) where the shadow of the summit 
of the tower falls, and also the point c the extremity of the shadow of the stick 
erected perpendicularly on the came plane: at the end of two hours, more or less, 
mark, as speedily as possible, the two points D and d, which will he the 
summits of the shadows at that period ; then join the two points of the shadow 



298 


OPTICS. 



of the summit of the tower by means of a straight line, and 
measure their distance : measure also, in like manner, the line 
which joins the two points c and d of the shadow of the stick ; 
after which you will have nothing to do but to employ the fol- 
lowing proportion ; As the length of the line r d which joins the 
two points of the shadow of the stick, is to the height of the 
stick a b, so is the length of the line c d which joins the two 
points of the shadow of the tower, to the height of the tower 


a 


d 


AB. 

It requires only an acquaintance with the first principles of 
geometry to be able to perceive, merely by inspecting Fig. 36, 


that the pyramids b a d c and b a d c are similar; consequently, that c d is to a 6 
as c D to A B, which is the height required. 


raOBLEM XXXII. 

Of some tricks or kinds of illusion, which may be performed by means of plane mirrors. 
Many curious tricks, capable of astonishing those w’bo have no idea of catoptrics, 
may be performed by the combination of several plane mirrors. Some of these we shall 
here describe. 


1st. To fire a pistol over your shoulder and hit a mark, with as much certainty as if 
you took aim at it m the usual manner. (Fig. 37.) 

Fig. 37. To perform this trick, place before you a plane mirror, so dis- 

posed, that you can see in it the object you propose to hit ; then 
rest the barrel of the pistol on your shoulder and take aim, looking 
at the image of the pistol in the glass as if it were the pistol 
itself ; that is, in such a manner, that the image of the object 
may be concea'.cd by the barrel of the pistol : it is evident that 
if the pistol be then fired, you will hit the mark. 



2d. 7b construct a box in which heavy bodies, such as a ball of lead, will appear to 
ascend contrary to their natural inclination. 

Construct a square box, as a u c d (Fig. 38.), where one of the sides is supposed 
to be taken off, in order to shew the inside ; and fix in it a board ii o d c, so as to 



form a plane, somewhat inclined, with a serpentine groove in it 
of «uch a size, that a ball of lead can freely roll in it and descend. 
Then place the mitror n g f i in an inclined position, ns seen in 
the figure, and make an aperture opposite to it at m, in the side 
of the box, hut so disposed that the eye, when applied to it, can 
see only the mirror, and not the inclined plane h d. It may be 
easily perceived that the image of this plane, viz. h l k g, will 
seem to he a plane almost vertical, and that a body which rolls 


from G to c, along the serpentine g;oove, will appear to ascend in a similai direction 


from G to L. Hence, if the mirror is very clean, so as not to be obseived, or if only 
a faint light be admitted into the box, which will tend to conceal the artifice, the 
illusion will be greater, and those not acquainted with the deception will have a good 
deal of difficulty to discover it. 


3d. 7b construct a box in which objects shall be seen through one hole, different from 
what were seen through another, though in both cases they seem to occupy the whole 
box. 

Piovide a square box, which, on account of its right angles, is the fittest for this ^ 
purpose, and divide it into four parts, by partitions perpendicular to the bottom. 
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crossing each other in the centre. To these partitions apply plane mirrors, and maka 
a hole in each face of the box, to look through ; but disposed in such a manner, that 
the eye can sec only the mirrors applied to the partitions, and not the bottom of the 
box. In each right angle of division formed by the partitions, place some object, which, 
being repeated in the lateral mirrors, may form a regular representation, such as a par- 
terre, a fortification or citadel, a pavement divided into compartments, &c. That 
the inside of the box may be sufficiently lighted, it ought to be covered with a piece 
of transparent parchment. 

It is evident that, if the eye be applied to each of the small apertures formed in 
the sides of the box, it will perceive as many different objects, which however \\ill 
seem to occupy the whole inside of it. The first will be a regular parterre, the second 
a fortification, the third a pavement in compartments, and thefourth some other object. 

If several persons look at the same time through these holes, and then ask each 
other what they have seen, a scene highly comic to those acquainted with the secret 
may ensue, as each will assert that he saw a different object. 

Remark, — To render the parchment employed for covering optical machines, such as 
the above, more transparent, it ought to be repeatedly washed in a clear ley, which must 
be changed each time ; it is then to be carefully extended, and exposed to the air to dry. 

If you are desirous of giving it some colour, you may employ, for green, Kerdigrise 
diluted in vinegar, with the addition of a little dark gree# ; for red, an infusion of 
Brazil wood ; for yellow, an infusion of yellow berries ; the parchment afterwards 
ought to be now and then varnished. 

4th. Jn a room on ike first floor ^ to see those who approach the door of the houses with* 
out looking out at the window , and without being observed. 

Under the middle of the architrave of the window place a mirror, with its face 
downwards, and a little inclined towards the side of the apartment, so that it shall 
reflect to the distance of some feet from the bottom of the window, or on the bot- 
tom itself, objects placed before and near the door of the house. But as the objects 
by these means will be seen inverted, in which case it will be difficult to distinguish 
them, and as it is fatiguing and inconvenient to look upwards, fix another plane mirror 
in a horizontal position, in the place to which the image of objects is reflected by the 
first mirror. As this second mirror will exhibit the objects in their proper position, 
they can be better distinguished. They will appear however at a much greater dis- 
tance, and as if placed perpendicularly on a plane, somewhat inclined, and almost in 
such a situation as they would be seen in if you looked downwards from the win- 
dow ; which will be sufficient in general to enable you to distinguish those with whom 
you are acquainted. 

Two mirrors, arranged in this manner, are represented figure 39. 

Ozanam, and others before him, who published Ma- 
thematical Recreations, propose by way of problem, to 
shew a jealous husband what his wife is doing in ano- 
ther apartment. To bore a hole near the ceiling In the 
partition wall which separates two apartments, and fix 
a horizontal mirror, half in the one room and half in the 
other, to reflect, by means of another mirror placed 
opposite to it, the image of what might take place in 
one of these rooms, is certainly an ingenious idea ; but 
there is reason to think that neither Ozanam nor his 
predecessor were jealous husbands, or that they had a 
singular depcudance on the folly and stupidity of the 
two lovers. 


Fig. 39. 
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PROBLEM XXXin. 

To inflame objects, at a considerable distance, by means of plane mirrors. 

Arrange a great number of plane mirrors, each about six or eight inches square, 
in such a manner that the solar rays reflected from them may be united in one focus. 
It is evident, and has been proved by experience, that if there are a sufficient number 
of these mirrors, as 100 or 150 for example, they will produce in their common 
focus a heat capable of inflaming combustible bodies, and even at a very great 
distance. 

This was, no doubt, the invention employed by Archimedes, if he really 1)urnt 
the fleet of Marccllus by means of burning mirrors, as we are told in history ; for 
Kircher, when at Syracuse, observed that the Roman ships could not have been at a 
less distance from the walls of the city than twenty-three paces. But it is well 
known that the focus of a concave spherical mirror is at the distance of half its 
radius; consequently the mirror employed by Aichimcdes must have been a portion 
of a sphere of at least 4(1 paces radius, the construction of which would be attended 
with insurmountable difficulties. Besides, can it be believed that the Romans, at so 
short a distance, would have suffered him to make use of bis machine without 
interruption? On the contrary, would they not have destroyed it by a sliower of 
missile wipapons? 

Anthemius of Tralles, the architect and engineer who lived under Justinian, is 
the first who, according to the account of Vitellio, conceived the idea of employing 
plane mirrors for burning but we are not told whether he ever carried this method 
into execution. It is to Buffon that we are indebted for a proof of its being prac- 
ticftble. In the year 1747, this eminent naturalist caused to be constructed a ma- 
chine consisting of 3(10 plane mirrors, each ft inches square, and all moveable on 
hinges, in such a manner that they could be made to assume any position at pleasure. 
By means of this macliine he was able to burn wood at the distance of 200 feet. 
Buffon’s curious paper on this subject may be seen in the Memoirs of the Academy 
of Sciences for the year 174ft. 

That the ancients made use of burning glasses is evident fi'om a passage in a play 
of Aristophanes, called The Clouds where Strepsiades tells Socrates, that he had 
found out an excellent method to defeat his creditors, if they should bring an action 
against him. His contrivance was, that he would get from the jewellers a certain 
transparent stone, which was used for kindling fire, and then, standing at a distance, 
be would hold it to the sun, and melt down the wax on which the action was wt itten. 

The astonishing philosophico-military exploit of Archimedes may deserve some 
farther notice. That exploit has been recorded by Diodorus Siculus. Lucian, Dion, 
Zoiiaras, Galen, Anthemius, Tzetzes, and other ancient writers. The account of 
Tzetzes is so particular, that it suggested to father Kircher the specific method by 
which Archimedes probably eflfected bis purpose. “ Arthimedes,*' says that author, 

“ set fire to the fleet of Mareellus by a burning glass, composed of small square 
mirrors, moving every way upon hinges; and which, when placed in the sun’s lays, 
reflected them on the Roman fleet, so as to reduce it to ashes at the distance of a 
how-shot.” This account gained additional probability by the effect which Zonaras 
ascribes to the burning mirror of Proclus, by which he affirms, that the fleet of 
Vitellius, when besieging Byzantium, now Constantinople, was utterly consumed. 
But perhaps no historical testimony could have gained belief to such extraordinary 
facts, if similar ones had not been seen in modern times. In the Memoirs of the 
French Academy of Sciences for 1726, p. 172, we read of a plane mirror, of twelve 
inches 8quare,,yeflecting the sun's rays to a concave mirror sixteen inches in diameter, 

* Histnire des Mathematiquef, par Montucla, to), i. p. aS8. 
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in tlie focus of which bodies were burnt at the distance of 600 paces. Speaking 
of this mirror, father RegiiauU asks, (in his Physics, vol. 3. disc. 10.), “ What would 
be the effect of a number of plane mirrors, placed in a hollow truncated pyramid, 
and directing the sun’s rays to the same point ? Throw the focus, said be, a little 
farther, and you re-discover or verify the secret of Archimedes.’^ This was actually 
effected by M. Buffon ; in the year 1747 he read to the Academy an account of a 
mirror, which he bud composed of an assemblage of plane mirrors, which made the 
sun’s rays converge to a point at a great distance. 

OF SPHERICAL MIRRORS, BOTH CONCAVE AND CONVEX. 

A Spherical mirror is nothing else than a portion of a sphere, the surface of which 
is polished so as to reflect the light in a regular manner. If it be the convex suiface 
that is polished, it will form a convex spherical mirror ; if it be the concave surface, 
it will be a concave mirror. 

We must here fir«t observe, that when a ray of light falls on any curved surface 
whatever, it will be leflccted in the bainc manner as from a plane touching the point 
of that surface where it falls. Thus, if a tangent be drawn at the point of reflection 
to the surface of a spherical mirror, in the plane of the incident ray and of the centre, 
the ray will be reflected, making with that tangent an angle of reflection equal to the 
angle of incidence. 


PROBLEM XXXIV. 

The place of an object, and that of the eye, being given ; to determine, in a spherical 
mirror, the point of refleition, and the place of the image. 

The solution of these two pioblcinsis not so ea&y in regard to sphtuMcal as to plane 
minors; foi when the eye and the object are at unequal distances from the mirror, 
the determination of the point of reflection necesbarily depends on principles which 
lequire the assistance of the highei geometry; and this point cannot be Uhsigned in 
the circunilerence of the circle without employing one of the conic sections. For this 
reason, we shall omil the construction, and only observe that there is one extiemely 
simple, in which two hyperholas between their asymptotes am; employed; one of 
these detei mines the point ot reflection on the convex surface, and the second the 
point of reflection on the concave surface. 

It will be bufficient for us here to take notice of one property belonging to this 
point. Let b be the object (Fig. 40.), a the place of the eye, K the point of reflec- 
tion from the convex surface of the spherical minor del, 
Fig. 40. the centre of which isc ; also let r o he a tangent to the point 

^ E, ill the plane of the lines b c and a c, which it meets in i 

andi; and let the reflected ray a r, when produced, intcr- 
j sect the line b c in n : the points n and i will be so situated, 
that we shall have the following proportion I'as b c ib to c Ji, 

so is B I to I IT. 

In like manner, if be he produced till it meet a c in h, we 
shall have a c : c A : a i : r A ; proportions which will be 
equally true in the case of reflection from a concave surface. 

In regard to the place of the image, opticians have long admitted it as a principle 
that it is in the point h, where the reflected ray meets the perpendicular drawn from 
the object to the mirror. But this supposition (though it serves pretty well to shew 
how the images of objects are less in convex, and larger in concave, than they are in 
plane mirrors,) has no foundation, 

A more philosophical principle advanced by Dr. Barrow is, that the eye perceives 
the image of the object in that point where the rays forming the smill divergent 
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bundle, which enters the pupil of the eye, meet together. It is indeed natural to 
think that this divergency, as it is greater when the object is neai* and less when 
it is distant, ought to enable the eye to judge of distance. 

By this principle also we are enabled to assign a pretty plausible reason for the di- 
minution of objects in convex, and their enlargement in concave mirrors ; for the 
convexity of the former renders the rays, which compose each bundle that enters the 
eye, more divergent than if they fell on a plane mirror; consequently the point whcie 
they meet in the central ray produced, is much nearer. It may even be demonstrated, 
that in convex mirrors it is much nearer, and in concave much farther distant, than 
the point ii, considered by the ancients, and the greater part of the moderns, as the 
place of the image. In a word, it is concluded that in our convex mirrors this image 
will be still more contracted, and in concave ones more extended, than the ancients 
supposed ; which will account for the apparent enlargement of objects in the latter, 
and .their diminution in the former. 

This principle however is attended with dilficulties, which Dr. Barrow, the author 
of it, does not conceal, and to which he confesses he never saw a satisfactory answer. 
This induced Dr. Smith, in his Treatise on Optics, to propose another ; but we shall 
not here enter into a discussion on this subject, as it would be too dry and abstruse 
for the generality of readers. 


PROBT.EM XXXV. 

The principal propertien of Spherical MirrorSy both convex and concave. 

1. The first and principal property of convex mirrors is, that they represent 
objects less than they would be if seen in a plane mirror at the same distance. This 
may be demonstrated independently of the place of the image ; for it can be shewn 
that the extreme rays of an object, however placed, which enter the eye after being 
reflected by a convex mirror, form a less angle, and consequently paint a less image 
on the letina than if they had been reflected by a plane mirror, which never changes 
that angle. But, the judgment which the eye in general forms respecting the 
magnitude of objects, depends on the magnitude of that angle, and that image, unless 
modified by some particular cause. 

On the other hand, in concave mirrors it may be easily demonstrated, that the 
extreme rays of an object, in whatever manner situated, make a gj eater angle on ar- 
riving at the eye, than they would do if reflected from a plane mirror ; consequently 
the appearance of ^he object, for the above reason, must be much greater. 

2. In a convex mirror, however great be the distance of the object, its image is 
never farther fiom the surface than half the radius ; so that a straight line perpen- 
dicular to the mirror, were it even infinite, would not appear to extend farther 
within the mirror, than the fourth part of the diameter of the circle of which it is a 
segment. 

But in a concave mirror, the image of a line perpendicular to the mirror is always 
longer than the line itself ; and if this line be equal to half the radius, its image 
will appear to be infinitely produced. 

3. In convex mirrors, the appearance of a curved line concentric to the mirror, is 
a circular line also concentric to the mirror; but the appearance of a straight line, or 
plane surface, presented to the mirror, is always convex on the outside, or towards the 
eye. 

In a concave mirror, the contrary is the case : the image of a rectilineal or plane 
object appears concave towards the eye. 

4. A convex mirror disperses the rays ; that is .to say, if they fell on its surface 
parallel, it reflects them divergent ; if they fall divergent, it reflects them still more 
divergent, according to circumstances. 
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On this property of concave spherical mirrors, is founded the use made of them 
for collecting the sun’s rays into a small space, where their heat, multiplied in the 
ratio of their condensation, produces astonishing effects. But this subject deserves 
to be treated of separately. 


OF BURNING MIRRORS. 

The properties of burning mirrors may be deduced from the following propo> 
sition : 

PliOBLEM XXXVI. 

If a ray of light fall very near the axis of a concave spherical surface^ and pa- 
rallel to that axis, it will be reflected in such a manner, as to meet it at a dis- 
tance from the mirror nearly equal to half the radius. 

For let ABC (Fig. 41.) be the concave surface of a 
well polished spherical mirror, of which d is the centre, 
and D B the semi-diameter in the direction of the axis ; 
if £ F be a ray of light parallel to b d, it will be reflected 
in the direction of v a, which will intersect the diameter 
BD in a certain point c. But the point o will always 
be nearer to the surface of the mirror than to the centre. 
For if the radius d r be drawn, we shall have the angles 
DTE and D F o equal ; consequently the angles d f e and 
GD F will also be equal ; since the latter, on account of the parallel lines r E and b d, 
is equal to df c: the tiiangle dof then is isosceles, and g d is equal to g f ; but 
G F is always greater than g b ; whence it follow's that d g also is greater than o u ; 
the point o therefore is nearer the surface of the mirror than the centre. 

But when the arc n r is exceedingly small, it is well known that the difference 
between g f and g b will be inseiiwible ; consequently, in this case, the point o will 
be nearly in the middle of the radius. 

This is confirmed by trigonometry ; for if the arc b f be only 5 degrees, and if we 
suppose the semi-diameter db to be KMKKIO parts, Ihe line bg will be 49809, which 
differs fioni half the radius but -nnSAni o*dy, or less then 5 ^ 3 .* It is even found, 
that as long as the arc n f docs not exceed 15 degrees, the distance of the point o 
fiom half the scmi-diameter is scarcely a 50th part. Hence it appears, that all the 
rays which fall on a concave mirror, in a direction parallel to its axis, and at a dis- 
tance fiom its summit not exceeding 15 degrees, unite at a distiince from the mirror 
nearly equal to half the semi-diameter. Thus, the solar rays, which are sensibly 
parallel when they fall on this concave surface, will be there condensed, if not into 
one point, at least into a very small space, where they will produce a powerful heat, 
so much the stronger ns the breadth of the mirror is greater. For this reason, the 
place where the rays meet is called the focus, or burning point. 

The focus of a concave mirror then is not a point : it has even a pretty sensible 
magnitude. Thus, for example, if a mirror be the portion of a 6 i)hcre of six feet 
radius, and form ail arc of 30 degrees, which gives a breadth of somewhat more than 
three feet, its focus ought to be about the 5Gth part of that size, or between seven 
and eight lines. The rays, therefore, which fall on a circle of three feet diameter, 
will for the most part be collected in a circle of a diameter 50 times less, and which 
consequently is only the 3136th part of the space or suifacc. It may hence be easily 

• ITie olculation in this ciwo is rasy. For the arc b p being given, wo have given also the 
angle b d p, as well as g p p, which is equal to it, and coiipequcutly the angle pop, which is the 
supplement of their sum to two right angles. In the triangle pop then, we have given the three 
angles and a side, viz. n p, which is the radius; and therefore, by a very simple trigonometri^l 
analogy, we can find the side n o or o p, which is equal to it. 
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conceived what degree of heat such mirrors must produce, since the heat of boiling 
water is only triple that of the direct rays of the sun on a fine summer’s day. 

Attempts however have been made to construct mirrors to collect all the rays 
of the sun into one point. For this purpose it would be necessary to give to the 
polished surface a parabolic curve. For let c b d be a para- 
bola (Fig. 42.), the axis of which is ab: we here suppose 
that the reader has some knowledge of conic sections. It is 
well known that in this axis there is a certain point f, so 
situated, that every ray, parallel to the axis of this parabola, 
will be reflected exactly to that point, which on this account 
has been called the focus. If the concave surface therefore 
of a parabolic spheroid be well polished, all the solar rays, 
parallel to each other, and to the axis, will be united in one point, and will produce 
there a heat much stronger than if the surface had been spherical. 

Rmarks.^l, As the focus of a spherical mirror is at the distance of a fourth part 
of the diameter, the impossibility of Archimedes being able, with such a mirror, to 
burn the Homan ships, supposing their distance to have been only 30 paces, as 
Kircber says be remarked when at Syracuse, may be easily conceived ; for it would 
have been necessary that the sphere, of which his mirror was a portion, should have 
had a radius of 60 paces ; and to construct such a sphere would be impossible. A 
parabolic mirror would be attended with the same inconvenience. Besides, the 
Romans must have been wonderfully condescending, to suffer themselves to be burnt 
so near, without deranging the machine. If the mathematician of Syracuse therefore 
burnt the Roman ships by means of the solar rays, and if Proclus, as we are told, 
treated in the same manner the ships of Vitellius, which were besieging Byzantium, 
they must have employed mirrors of another kind, and could succeed only by an 
invention similar to that revived by Biiffon, and of which he shewed the possibility. 
(See Prob. 33.) 

The ancients made use of concave mirrors to rekindle the vestal tires. Plutarch, 
in his life of Numa, says that the instruments used for this purpose, were dishes 
which were placed opposite to the sun, and the combustible matter placed in the 
centre ; by which it is probable he meant the focus, conceiving that to be at the 
centre of the mirror’s concavity. 

II. We cannot here omit to mention some mirrors celebrated on account of their 
size, and the effects they produced ; one of them was the work of Settala, a canon 
of Milan : it was parabolic, and, according to the account of father Schott, inflamed 
wood at the distance of 15 or 16 paces.. 

Villette, an artist and qptician of Lyons, constructed three, about the year 1670, 
one of which was purchased by Tavernier, and presented to the king of Persia ; the 
second was purchased by the king of Denmark, and the third by the king of France. 
The one last mentioned was 30 inches in diameter, and of about 3 feet focus. The 
rays of the sun were collected by it into the space of about balf-a-guinea. It im- 
mediately set fire to the greenest wood ; it fused silver and copper in a few seconds ; 
and in one minute, more or less, vitrified brick, flint, and other vitrifiable substances. 

These mirrors however were inferior to that constructed by Baron von Tchirn- 
hauseif, about 1687, and of which a description may be found in the Transactions 
of Leipsic for that year. This mirror consisted of a metal plate, twice as thick as 
the blade of a common knife ; it was about 3 Leipsic ells, or 6 feet 3 inches, in 
breadth, and its focal distance was two of these ells, or 3 feet 6 inches : it produced 
the following effects: 

Wood, exposed to its focus, immediately took fire ; and the most violent wind was 
not able to extinguish it. 


Kg. 42. 
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Water, contuned in an earthen ressel, was instantly thrown into a state of ebul- 
lition ; so that eggs were boiled in it in a rooroent, and soon after the whole water 
was evaporated. 

Copper and silver passed into fusion in a few minutes, and slate was transformed 
into a kind of black glass, which, when laid hold of with a pair of pincers, could be 
drawn out into filaments. 

Brick was fused into a kind of yellow glass ; pumice stone and fragments of cru- 
cibles, which bad withstood the most violent furnaces, w'erc also vitrified, &c. 

Such were the effects of the celebrated minor of Baron von Tchirnhausen ; which 
afterwards came into the possession of the king of France, and which was kept in 
the Jardin du Roi^ exposed to the injuries of the air, which in a great measure 
destroyed its polish. 

But metal is not the only substance of which burning mirrors have been made. 
We are told by Wolf, that an artist of Dresden, named Gaprlner, constructed one in 
imitation of Tehiinbauson’s mirror, composed only of wood, and which produced 
effects equally astonishing. But this author does not inform us in what manner 
Giertner was able to give to the wood the necessary polish. 

Father /acharias Truber however seems to have supplied this deficiency, by in- 
forming ns in what manner a burning mirror may be eonstrueted with wood and 
leaf-gold ; for nothing is necessary but to give to a piece of exceedingly dry and very 
haul wood the form of the segment of ft concave sphere, by means of a turning 
machine ; to cover it in a uniform manner with a mixture of pitch and wax, and then 
to apply bits of gold-leaf, about three or four inches in breadth. Instead of gold- 
leaf, small plane mirrors, lie says, might be adapted to the concavity ; and it will be 
seen with astonishment, that the eflfect of such a mirror is little inferior to that of a 
mirror made entirely of metal. 

Father Zahn mentions something moie singular than what is related Wolf of 
tlieaitist of Dresden, for he says that an engineer of Vienna, in the year 1099, made 
a mirror of paste-hoard, covered on the inside with straw cemented to it, which was 
so powerful as to fuse all metals. 

Concave mirrors of a considerable diameter, and which produce the same effect as 
tlie preceding, may be procured at present at much less expense. For this advantage 
we arc indelited to M. de Bernicres, one of the controllers general of biidges and 
causeways, who discovered a method of giving the figure of any curve to glass 
mirrors; an invention which, besides its utility in Optics, may be applied to various 
purposes ifi the arts. The concave mirrors which he eonstrueted, were round pieces 
of glass bent into a spherical form , concave on one side and convex on the other, 
and silvered on the convex side. M. de Bernieres constructed one for the king 
of France, of 3 feet 6 inches in diameter, which was presented to his majesty in 
1757. Forged iron exposed to its focus was fused in two seconds: silver reii in such 
a manner that when dro|)ped into water it extended itself in the form of a spider’s 
web ; flint became vitrified, &c. 

These mirrors have considerable advantage over those of metal. Their reflection 
from the posterior surface, notwithstanding the loss of rays, occasioned by their 
passage through the first surface, is still more lively than that from the best polished 
metallic surface ; besides, they are not subject, like metallic mirrors, to lose their 
polish by the contact of the air, always charged with vapours which corrode metal, 
but which make no impression on glass : in a word, nothing is necessary but to pre<* 
serve them from moisture, which destroys the silvering. 

PROBLEM XXXVII. 

Some properties of concave mirrors, in regard to msion, or the formation of images^ 

1. If an object be placed between a concave mirror and its focus, its image is 

X 
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seen within the mirror, and more magnified the nearer the object is to the focus ; so 
that when the object is in the focus itself, it seems to occupy the whole capacity 
of the mirror, and nothing is seen distinct. 

If the object, placed in the focus, be a luminous body, the rays which proceed 
from it, after being reflected by the mirror, proceed parallel to each other, so that they 
form a cylinder of light, extended to a very gi*eat distance, and almost without 
diminution. This column of light, if the observer stands on one side, will be easily 
perceived when it is dark; and at the distance of more than a hundred paces from 
the mirror, if a book be held before this light, it may be read. 

II, If the object be placed between the focus and the centre, and if the eye be 
either beyond the centre, or between the centre and the focus, it cannot be distinctly 
perceived, as the rays reflected by the mirror are convergent. But if the object be 
strongly illuminated, or if it be a luminous body itself, such as a caddie, by the 
union of its rays there will be formed, beyond the centre, an image in an inverted 
situation, which will be painted on a piece of j)aper or cloth at tiie proper distance, 
or which, to an eye jihiccd beyond if, will appear suspended in the air. 

III. The case will be ncaily the same when the object is beyond the centre, 
in regard to the mirror; an inverted image of the object will be painted then be- 
tween the focus and the centre; and this image will approach the centre in piopor- 
tion as the object itself approaches it; or will approach the focus as the object 
removes from it. 

Ill regard to the place where the image will be painted in both these cases, it 
may be found by the following rule. 

Let ACS (Fig. 43.) be the axis of the mirror, indefinitely pro- 
F%g. 43. duced ; f the focus, c the centre, and o the place of the object, 

between the centre and the focus. If p eo. be taken a third pro- 
portional to F o and f c, it will represent the distance at which 
the image of the point placed in o will be painted. 

If the object be in a;, by employing the same proportion, 
with the proper changes, that is by making f o a third piopor- 
tioiial to F tw -and f c, as in o, the image of it will be found 
in o. 

In the last place, if the object be between the focus and the 
glass, the place where it will be observed within the mirror, may 
"S be found by making f w to f a, as f a to f o. 

Remarks. — 1. This piopcrty which concave mirrors have, of forming between the 
centre and the focus, or beyond the centre, an image of the objects presented to 
them, is one of those which excite the greatest surprise iii persons not acquainted 
with this theory. For if a man advance towards a large concave mirror, presenting a 
sword to it, then he comes to the proper dibtaiiee, he will sec a sword blade, with 
the point turned towards him, dart itself from the mirror; if he retires, the image 
of the blade will retire ; if he advances in such a manner that the point shall be 
between the centre and the focus, the image of the sword will cross the real sword 
as if two people were engaged in fighting. 

2. If, instead of a sword blade, the band be presented at a certain distance, you 
will sec a hand formed in the air in an inverted situation ; which will approach the 
real hand, when the latter approaches the centre, so that they will seem to meet each 
other. 

3. If you place yourself a little beyond the centre of the mirror, and then look 
diicctly into it, you will see beyond the centre the image of your face inverted. If 
you then continue to approach, this phantastic image will approach also, so that you 
can kiss it. 
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4. If a nosegay be suspended in an inverted situation 
(Fig. 44.), between the centre and the focus, a little 
\ below the axis, and if it be concealed from the view 
\ of the spectator, by means of a piece of black paste* 

— I board, an upright image of the nosegay will bcfoimed 

I above the pasteboard, and will excite the greater asto- 
/ nishment, as the object which produces it is not seen ; 
for this reason those not acquainted with the deception 
will take it fora real object, and attempt to touch it.* 

5. If a concave mirror be placed at the end of a hall, at an inclination nearly equal 
to 45*, and if a print or drawing be laid on a table before the mirror, with the bottom 
part tunied towards it, the figures in the print or drawing will be seen greatly mag- 
nifuMl ; and if a proper arrangement be made so as to favour the illusion, that is if 
the mirror be concealed, and only a small hole left for looking tlirough, you will 
imagine that you see the objects themselves. 

On this principle arc constructed what are called Optical boxes, which arc now very 
common : the method of constructing them will be found in the following problem. 

PROBLEM XXX VIII. 

To construct an optical box or chamber, in which objects are seen much larger than the 

box itself. 

Provide a square box, of a size proper to contain the concave mirror you intend to 
enjploy ; that is to say, let each side be a little less than the local distance of the 
mirror; and cover the top of it with transparent parchment, or white silk, or glass 
made smooth, but not polished. 

Apply the mirror to one of the vertical sides of the box, and on the opposite side 
place a coloured print or di awing, representing u landscape, or seaport, or buildings, 
he. The print ought to be introduced into the box by means of a slit, so that it can 
be drawn out, and another substituted in its place at pleasure. 

At the top of the side opposite to the mirror, a round hole or aperture must be 
made, for the purpose of looking through ; and if the eye he applied to this hole, 
the objects represcnied in the piiiit will be seen very much magnified: those w'ho 
look at them will think the> really behold buildings, trech, Ac. 

We have seen some of these machines, which by their construction, the size of the 
mirror, and the correctness of the colouring, exhibited a sjicctaclc highly agreeable and 
amusing. 



OF LENTICULAR GLASSES, OR LENSES. 

A lens is a bit of gla^s having a spherical form on both sides, or at least on one side. 
Some of them are convex on the one side and plane on the other; and others are 
convex on both sides : some are concave on one side, or on both ; and others are con- 
vex on one side and concave on the other. Those convex on both sides, as they resem- 
ble a lentil, are in general distinguished by the name of lenticular glasses, or lenses. 

The uses to which these glasses are applied, are well known. Those which are 
convex magnify the appearance of objects, and aid the sight of old people ; on the 
other hand, the concave glasses diminish objects, and assist those who are short-sighlcd. 
The formei collect the lays of the sun around one point, called the focus; and when 
of a considerable size, produce heat and combustion The concave glasses, on the 
contrary, disperse the rays of the sun. Both kinds are employed in the con- 
struction of telescopes and microscopes. 


* Curious spectres and appearances, formed in this manner, have of late years been exhibited 
shows to spectators in London. ^ 



308 


OPTICS. 


PROBLEM XXXIX. 

To find the focus of a Glass Ghhe. 

As glass globes supply, on many occasions, the place of lenses, it is proper that we 
should here say a few words respecting their focal distance. The method of determin- 
ing it is as follows. 

Let BCD (Fig. 45.) be a glass sphere, the centre of which is f, and c D a dia- 
meter to which the incident ray a b is parallel. This ray, when it meets with the 
surface of the sphere in b, will not continue its course in a 
Fig, 45. straight line, as would be the case if it did not enter a new 
medium, but will approach the perpendicular drawn from the 
centre f to b the point of incidence. Consequently, when it 
issues from the sphere at the point i, it would meet the diameter 
in a point r, if it did not deviate from the pcrpcndicalar F I, 
which makes it take the direction i o, and proceed to the 
point o, the focus reqniied. 

To determine the focus o, first find the point of meeting e, 
which may be easily done by observing that in the tiiangle fbk, 
the side f b is to r e as the sine of the angle f e b is to the 
sine of ihe angle f u l ; or, on account of the smallness of these 

angles, us the angle F e b, or its equal g b e, is to the angle 

F B E ; for we here suppose the incident ray to be very near the diameter c d ; 
consequently the angle a b h is very small, as well as its equal f b g ; and angles 
extremely small have the same ratio as their sines. But, by the laws of refi action, 
when a ray passes from air into glass, the ratio of the angle of incidence a b h, or 
c B F, to the angle of refraction f b i, if the angles be very small, is as 3 to 2, and 
therefore the angle f b e is nearly the double of b b g : it thence follows that the 
side I I, of the triangle f b e, is neaily the double of i b, or equal to twice the 
radius ; consequently d e is equal to the radius. 

To find the point o, where the ray, when it issues from the sphere, and deviates 
from the perpendicular, ought to meet the line d e, the like reasoning may be em- 
ployed. In the triangle i o E, the side i o is to o e nearly as the angle i e o, or its 

equal IFE, is to the angle oie. Now these two angles are equal; for the angle 
IF D is the one third of the angle of incidence f bg or a b n ; but, by the law of re- 
fraction, the angle o i v is nearly the half of the angle of incidence k i k, or of its 
equal F 1 B, which is f of the angle f b c : like the preceding it is therefore the third 
of FBO or H B A, and consequently the angles oik and oei aie equal; whence it 
follow'S that o E is equal to o i, which is itself equal to d o, on account of their very 
great proximity. Therefore d o, or the distance of the focus of a glass globe from 
the surface, is equal to half the radius, or the fourth part of the diameter, q. e. d. 

PROBLEM XL. 

To find the focus of any lens 

The same reasoning, as that employed to determine the course of a ray passing 
through a glass sphere, might be employed in the present case. But for the sake 
of brevity, we shall only give a general rule, demonstrated by opticians, which in- 
cludes all the cases possible in regard to lenses, whatever combinations may be 
formed of convexities and concavities. We shall then shew the application of it 
to a few of the principal cases. It is as follows: 

As the sum of the semi-diameters of the two convexities, is to one of them, so is 
the diameter of the other, to the focal distance. 

In the use of this rule, one thing in particular is to be observed. When one of the 
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faces of tlie glass is plane, the radius of its sphericity must be considered as infinite ; 
and when concave, the radius of the sphere, of which this concavity forms a part, 
must be considered as negative. This will be easily understood by those who are in 
the least familiar with algebra. 

Case i. — When the lens is equally convex on both sides. 

Let the radius of the convexity of each of the faces be, for example, equal to 12 
inches. By the general rule we shall have this propoition : As the sum of the radii, 
or 24 inches, is to one of them, or 12 inches, so is the diameter of the other, or 24 
inches, to a fourth term, which will be 12 inches, the focal distance. Hence it ap. 
pears that a lens equally convex on both sides unites the solar lays, or in general 
rays parallel to its axis, at the distance of the radius of one of the two sphericities. 

Case li. — When the lens is unequally convex on both sides. 

If the radii of the convexities be 12 and 24, for instance, the following proportion 
must be employed : As 12-|-24, or 30, is to 12, the radius of one of the convexities, 
so is 48, the diameter of the other, to 16; or as 12-f~24, or 36, is to 24, the radius 
of one of the convexities, so is 24, the diameter of the other, to 16; the distance 
of the focus therefore will be 16 inches. 

Case m When the lens has one side plane. 

If the sphericity on the one side be as in the preceding case, we must say, by 
applying the general rule: As the sum of the radii of the two sphericities, viz. 12, 
an infinite quantity, is to one of them, or the infinite quantity, so is 24, the diameter 
of the other convexity, to a fourth term, which wiW be 24, for the two first terms 
are equal, for an infinite quantity inci eased or diminished by a finite quantity, is 
always the same: the two last terms therefore are equal; and it hence follows, 
that a plano-convex gla&s has its focus at the distance of the diameter from its 
convexity. 

Case iv. — When the lens is convex on the one side, and concave on the other, 

• Let the radius of the convexity be still 12, and that of the concavity 27. As a 
concavity is a negative convexity, this iiuiiiber 27 must be taken with the sign — 
prefixed. We shall therefore have this proportion : 

As 12 inches —27, or — 15 inches, is to the radius of the concavity — 27 (or as 
15 is to 27); so is 24 inches, the diameter of the convexity, to 43]^. This is the focal 
distance of the lens, and is positive or real ; that is to say, the rays falling parallel 
to the axis, will really be united beyond the glass. The concavity indeed having a 
greater diameter than the convexity, this must cause the rays to diveige less than 
the convexity causes them to conveige. But if the concavity be of a less diameter 
than the convexity, the rays, instead of converging when they issue from the glass, 
will be divergent, and the focus will be before the glass ; in this case it is called 
virtual. Thus, if the radius of the concavity be 12, and that of the convexity 27, 
W'e shall have, by the general rule : As 27 — 12. or 15, is to 27, so is — 24 to — 
43J. The last term being negative, it indicates that the focus is before the glass, and 
that the rays will issue from it divergent, as if they came from that point. 

Case v. — When the lens is concave on both sides. 

If the radii of the two concavities be 12 and 27 inches, we shall have this propor- 
tion : As 12 — 27 is to — 27, or as 39 is to 27, so is — 24 to ~ 16^. The last 

term being negative, it shews that the focus is only virtual, and that the rays, when 
they issue from the glass, will proceed diverging, as if they came from a point 
situated at the distance of 16^ inches before the glass. 
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Ca.8E VI. — When the lene is concave on one sidey and plane on the other. 

If the radius of the concavity be still 12, the above rule will give the follow- 
ing proportion ; As — 12 + an infinite quantity, is to an infinite quantity, so is — 24 
to — 24 ; for an infinite quantity, when it is diminished by a finite quantity, remains 
still the same. Thus it is seen that in this case the virtual focus of a plano-con- 
cave glass, or the point where the rays after their refraction seem to diverge, is at 
a distance equal to the diameter of the concavity, as the point to which they con- 
verge is in the case of the plano-convex glass. 

These are all the cases that can occur in regard to lenses : for that where the 
two concavities might he supposed equal is comprehended in the fifth. 

Remark . — (n all these calculations, we have supposed the thickness of the glass to 
be of no consequence in regard to the diameter of the sphericity, which is the most 
common case; but if the thickness of glass were taken into consideration, the deter- 
minations would be different. 


OF BURNING GLASSES. 

Lenticular glasses furnish a third method of solving the problem, already solved by 
means of mirrors, viz. to unite the rays of the sun in such a manner as to produce fire 
and inflammation : lor a glass of a few inches diameter will produce a heat suffi- 
ciently strong to set fire to tinder, linen, black or grey paper, &c. 

The ancients were acquainted with this property in glass globes, and they even 
sometimes employed them for the above purpose. It was probably by means of a glass 
globe that the vci-tal fire was kindled. Some intfeed have endeavoured to prove 
that they produced this effect hy lenses : but De la^Hire has shewn that this idea 
is entirely void of foundation, and that the burning glasses of the ancients were 
only glass globes, and consequently incapable of producing a very remarkable 
effect. 

liaron von Tchirnhausen, who constructed the celebrated mirror already men- 
tioned, made also a burning gla^s, the largest that hud ever been seen. This 
mathematician, being near the Saxon glass manufactories, was enabled, about the 
year l()9(i, to proem e plates of glass sufficiently thick and broad, to he converted into 
lenses several feet in diameter. One of them, of this size, inflamed combustible 
substances at the distance of 12 feet. Its focus at this distance was about IJ inch 
in diameter. But when it was required to make it produce its greatest cftects, the 
focus was diminished by means of a second lens, placed parallel to the former, and at 
the distance of four feet. In this manner the diameter of the focus was reduced 
to 8 lines, and it then fused metals, vitrilied flint, tiles and slate, earthen ware, 
&c. ; in a word, it produced the same effects as the burning mirrors of which we have 
already spoken. 

Some years ago a lens, which one might have taken for that of Tchirnhausen, 
was exliibited at Paris. The glass of winch it consisted was radiated and yellowish ; 
and the person to w'hom it belonged asked no less for it than £500 steiling. 

For the means of obtaining, at a less expeiice, glasses capable of producing the 
same effects, we arc indebted to M. de Bernieres, of whom we have already spoken. 
By his invention for bending glass, two round plates are bent into a spherical form, and 
being then applied to each other the interval between them is filled with distilled water, 
or spirit of wine. These glasses, or rather water lenses, have their focus a little farther 
distant, and ceteris paribus ought to produce a somewhat less effect ; but the thin- 
ness of the glass and the transparency of the water occasion less loss in the rays than 
in lens of several inches in thickness. In a word, it is fai easier to procure a lens 
of this construction than solid ones like that of Tchirnhausen. M. de Trudaine, 
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some years ago, caused to be constructed, by M. de Bernieres, one of these water 
lenses 4 feet in diameter, with which some philosophical experiments have been 
already made in regard to the calcination of metals and other substances. The heat 
produced by this instrument is much superior to that of all the burning glasses and 
mirrors hitherto known, and even to that of all furnaces. We have reason to expect 
from it new discoveries in chemistry. We shall here add that with water lenses, of a 
much smaller size, M. de Bernieres has fused metals, vitrifiable stones, &c. 

PROBLEM XLI. 

Of some other properties of Lenticular Glasses, 

1. If an object be exceedingly remote, so that there is no proportion between its 
distance and the focal distance of the glass, there is painted in the focus of the 
lens an image of the object in an inverted situation. This experiment serves as the 
basis of the construction of the camera obscura. In this manner the rays of the sun, 
or of the moon, unite in the focus of a glass lens, and form a small circle, winch is 
nothing else than the image of the sun or moon, as may be easily perceived. 

2. In proportion as the object approaches the glass, the image formed by the ra>i 
pioceeding from the object, lecedcs from the glass; so that when the distance of 
the object is double that of the fdeus, the image is painted exactly at the double of 
that distance ; if the object continues to approach, the image recedes more and more ; 
and when the ol)jeet is in the focus, no image is formed ; for it is at an infinite 
distance that it is ‘'Upposed to form itself. In this case therefore the rays which fall 
on tlj(‘ glasss, diverging from each point of the object, are i cfracted in such a manner 

The method of determining, in general, 
the distance from the lens at wliieli the 
image of the object is formed, is as follows. 
Let o c be the object (Fig. 46.), d k its 
distance from the glass, and k f the focal 
distance of the glass ; if we make use of 
this proportion : as f i> is to f e, so is f. f ’ 
to E o, taking* o on the other side of the 
glass when e d is greater than e f, the 
point c will be that of the axis to which the point D of the object, situated in the axis, 
will correspond. 

Hence* it may be easily seen, that when the distance of the object from the 
focus is equal to nothing, the distance E c must be infinite, that is to say there can 
be no image. 

It must also be observed, that when ef is greater than e d, or when the object is 
between the glass and the focus, the distance e a must be taken in a contrary direc- 
tion, or on this side of the glass, as Kp; w'hich indicates that the rays proceeding 
from the object, instead of forming an image beyond the glass, diverge as if they 
proceeded from an object placed at g, 

OF TELESCOPES, BOTH REFRACTING AND REFLECTING. 

Of all optical inventions, none is equal to that of the telescope; for without 
mentioning the numerous advantages derived from the common use of this wonderful 
instrument, it is to it we are indebted for the most interesting discoveries in astro- 
nomy. It is by its means that the human mind has been able to soar to those regiona 
otherwise inaccessible to man, and to examine the principal facts which serve as the 
foundation of onr knowledge respecting the heavenly bodies. 

The first telescope was constructed in Holland, about the year 1609 j but there 
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is much uncertainty in regard to the name of the inventor, and the means he em- 
ployed in the formation of his instrument. A dissertation on this subject may be 
seen in MontueWs History of the Mathematics. We shall confine ourselves at 
present to a description of the different kinds of telescopes, both refracting and 
reflecting, and of the manner in which they produce their effect. 

Of Mefracting Telescopes, 

Ist. The first kind of telescope, and that most commonly used, is composed of a 
convex glass, called the object glass^ because it is that nearest the objects, and a 
concave one called the eye-glass, because it is nearest the eye. These glasses must 
be disposed in such a manner, that the posterior focus of the object glass shall 
coincide vi^ith the concave glass. By means of this disposition, the object appeals 
magnified in the ratio of the focal distance of the object glass, to that of the eye- 
glass. Thus, if the focal distance of the object glass be ten inches, and that of the 
eye-glass one inch, the instrument will be nine inches in length, and will magnify 
objects ten times. 

This kind of telescope is called the Batavian^ on account of the place where it 
was invented. It is known also by the name of the Galilean, because Galileo, 
having heard of it, constructed one of the same kind, and by its means was enabled 
to make those discoveries in the heavens which have immortalized his name. At 
present, very short telescopes only are made according to this principle ; because 
they are attended with one defect, which is, that when of a considerable length they 
have a very confined field. 

2d. The second kind of telescope is called the astronomical, because employed 
chiefly by astiouomers. It is composed of two convex glasses, disposed in such a 
manner, that the posterior focus of the object glass and the anterior focus of the 
eye-glass coincide together, or very nearly so. The eye must be applied to a small 
aperture, at a distance from the eye-glass, equal to that of its focus. It will then 
have a field of large extent, and it will shew the objects inverted, and magnified in 
the ratio of the focal distances of the object glass and eye-glass. If we take, by 
way of example, the propoitions already employed, the astronomical telescope will be 
12 inches in length, and will magnify ten times. 

Telescopes of very great length may be constructed according to this combina- 
tion. It is common for astronomers to have them of 12, 15, 20, and 30 feet. Huy- 
geits constructed one for himself of 123 feet, and Ilcvelius employed one of 140. ^ 
But the inconvenience which attends the use of such long telescopes, in consequence 
of their weight, and the bending of the tubes, has made them be laid aside, and 
another instrument more commodious has been substitued in their stead, llartso- 
ecker made an object glass of GOO feet focus, which would have produced an extra- 
ordinary effect had it been possible to use it. 

3d. The inconvenience of the Batavian telescopes, which suffer only a small 
quantity of objects to be seen at once, and that of the astronomical telescope, 
which represents them inverted, have induced opticians fo devise a third arrangement 
of glasses, all convex, which represents the objects upright, gives the same neld as 
the astronomical telescope, and which is therefore proper for terrestrial objects : on 
this account it is called the terrestrial telescope. It consists of a convex object 
glass, and three equal eye-glasses. The posterior focus of the object glass generally 
coincides with the anterior one of the first eye-glass ; the posterior focus of the 
latter coincides also with the anterior focus of the second, and in like manner the 
posterior focus of the second with the anterior one of the third, at the posterior 
focus of which the eye ought to be placed. This instrument always magnifies in 
the ratio of the''focal distances of the object glass and one of the eye-glasses. But 
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H may be readily Been tbat the length is increased four times the focal distance of the 
eye-glass. 

4th. The image of objects might be made to appear upright by employing only 
two eye-glasses : for this purpose it would be necessary that the first should be at a 
distance from the focus of the object glass equal to twice its own focal distance ; 
and tbat the anterior focus of the second should be at twice tbat distance. Such 
is the terrestrial telesfope with three glasses ; but experience has shewn that, by 
this arrangement, the objects are somewhat deformed, for which reason it is no 
longer used. 

5th, Telescopes with five glasses have also been proposed, in order to bend the 
rays gradually, as we may say, and to obviate the inconveniences of the too strong 
refraction, which suddenly takes place at the first eye-glass ; and also to increase 
the field of vision. We have even heard of some telescopes of this kind which were 
attended with great success ; but wc do not find that this combination of glasses has 
been adopted. 

6th. Some years ago a new kind of telescope was invented, under the name of the 
achromatic^ because if is free from those faults occasioned by the different refrangi- 
bdity of light, \\ Inch in other telescopes produces colours and indistinctness. The only 
difference between this and other telescopes is, that the object glass, instead of being 
formed of one lens, is composed of two or three made of different kinds of glass, 
which have been found by cxpciicnce to disperse unequally the different coloured 
rays of which light is composed. One of these glasses is of crown-glass, and the 
other of flint-glasa. An object glass of this kind, constructed according to certain 
dimensions determined by geometricians, produces in its focus an image far more 
distinct than the common ones ; on which account much smaller eye-glasses may be 
employed without affecting the distinctness, as is confirmed by experience. These 
tilescopes are called also Dollond's teJescopeSy after the name of the English artist 
W'ho invented them. By the above means, the English opticians consti net tele- 
scopes of a moderate length, which are equal to others of a far greater size; and 
small ones, not much longci than opera-glasses, with which the satellites of Jupiter 
may he seen, arc sold under Dollond’s name at Paris. M. Antheaumc, according to 
the dimensions given by INI. Clairault, made, in that capital, an acliromafm telescope 
of 7 feet tocal distance, which, when compared with a common one of 30 or 35 feet, 
was found to produce the same effect. 

This invention gives us reason to hope that discoveries will be made in the hea- 
vens, which a few years ago would have appeared altogether imfiossible. It is not 
improbable even tbat astronomers will be able to discover in the moon habitations 
and animals, spots in Saturn and Mercury, and the satellite of Venus, so often seen 
and so often lost. 

[Since the publication of the former editions of this work, achromatic telescopes, 
greatly exceeding in size any that had before been contemplated, have been con- 
structed in Paris, and at Munich. M. Guinand, of Neufchatel, succeeded in 
overcoming, to a certain extent, the difficulties which had been experienced in Uie 
manufacture of large and homogeneous discs of flint glass ; and some of the Parisian 
glass-makers are understood to be in possession of processes by which the same 
oliject may be effected. This has given a decided impulse to the efforts of opticians, 
and the result has been, that at the observatories of Cambridge, Munich, Dorpat, and 
other places, astronomical telescopes, of more than ]2inches aperture and 20 feet focal 
length, have been mounted, and are in action ; and equatorial motion being commu- 
nicated by clock work, they are as manageable as instruments of a very moderate size. 
With the Dorpat telescope, Professor Struve has already rend eied important services 
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to astronomical science. A full description of this instrument may be seen in the 
Memoirs of the Royal Astronomical Gociety, vol. ii. part 1.] 

To give an accurate idea of the manner in which telescopes magnify the appearance 
of objects, we shall take, by way of example, that called the astronomical telescope, 
as being the simplest. If it be recollected that a convex lens produces in its focus 
an inverted image of objects which are at a very great distance, it will not be diffi- 
cult to conceive, that the object glass of this telescope will form behind it, at its 
focal distance, an inverted image of any object towards which it is directed. But, 
by the construction of the instrument, this image is in the anterior focus of the 
eye-glass, to which the eye is applied ; consequently the eye will perceive it dis- 
tinctly ; for it is well known, that when an object is placed in the focus of a lens, 
or a little on this side of it, it will be seen distinctly through the glass, and in the 
same direction. The image of the object, which here supplies its place, being then 
inverted, the eye-glass, through which it is viewed, will not make it appear upright, 
and consequently the object will be seen inverted. 

In regard to the size, it is demonstrated, that the angle under which the image is 
seen is to that under which the ol)ject is seen from the same place, as the focal 
distance of the object glass is to that of the eye-glass : hence the magnified appear- 
ance of the object. 

In terrectrial telescopes, the two first eye-glasses only invert the image ; and this 
telescope therefore must represent objects upright. But having said enough respect- 
ing refracting tele.«copes, we shall now proceed to reflecting ones. 

Of Reflecting TeUaeppee. 

Those who are well acquainted with the manner in which objects are represented 
by common telescopes, will readily conceive that the same effect may be produced 
by reflection ; for a concave mirror, like a lens, paints in its focus an image of distant 
objects. If means then are found to reflect the image on one side, or backwards, in 
such a manner as to be made to fall in the focus of a convex glass, and to view it 
through llijs glass, we s) all have a reflecting telescope. It need therefore excite no 
surprise that before Newton, and in the time of Descartes and Mersenne, telescopes 
on this principle were proposed, 

NewloJi w'as led to this invention while endeavouring to discover some method 
of remedying the want of distinctness in the images formed by glasses; a fault 
which arises from the different refrangibility of the rays of light that are decom- 
posed. Every ray, of whatever colour, being reflected under an angle equal to the 
angle of ineidenee, the image is much more distinct, and better terminated in all its 
parts, as may he easily proved by means of a concave mirror. On this account he 
was able to apply an eye-glass much smaller, which would produce a greater mag- 
nifying power ; and this reasoning was confirmed by experience. 

Newton never constructed telescopes of more than fifteen inches in length. Ac- 
cording to his method, the mirror was placed in the bottom of the tube, and reflected 
the image of the object towards its aperture : near this aperture was placed a plane 
mirror, that is to say, the base of a small isosceles rectangular prism, silvered at the 
back, and inclined at an angle of 45 degrees. This small mirror reflected the image 
towards the side of the tube, where there was a hole, into which was fitted a lens 
of a very short focal distance, to serve as the eye-glass. The object then was 
viewed from the side, a method, in many cases, exceedingly convenient. Mr. Hud- 
ley, a fellow of the Royal Society, constructed, in the year 1723, a telescope of this 
kind, 5 feet in length, which was found to produce tbe same effect as the telescope 
of 123 feet, presented to tbe Royal Society by Huygens. 
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The reflecting telesoopei used at present are constructed in a manner somewhat 
different. The concave mirrori at the bottom of the tube, has a round hole in the 
middle/ and towards the other end is a mirror, sometimes plane, turned directly 
towards the other one, which, receiving the image near the middle of the focal dis- 
tance, reflects it towards the hole in the other mirror. Against this hole is applied 
a lens of a short focal distance, w'hicb serves as an eye-glass, or for viewing ter- 
restrial objects, in order that they may appear upright ; and three eye-glasses are 
used, arranged in the same manner as in terrestrial telescopes. 

A telescope however may he made to magnify much more hyAhe folio wing'con- 
struction. The large mirror, as in all the others, is placed at the Dottoro, and has a 
hole in the centre, before which the eye-glass is applied. At the other end of the 
tube is another concave mirror, of a less focal distance than the former, and so dis- 
posed that the image reflected by the former is painted very near its focus, but at a 
little farther distance than the focus from its surface. This produces another image 
beyond the centre, which is greater as the first one is nearer the focus : this image is 
formed vary near the hole in the centre of the large mirror, opposite to which the 
eye glass is in general placed. 

This kind of reflecting telescope is called the Gregorian, because proposed by Mr# 
James Gregory, even before Newton conceived the idea of his; and it this kind 
which is at present most in use. 

Thcie is also the telescope of Cassegrain, who employs a convex mirror to magnify 
the image formed by the first concave one. Dr. Smith thought it attended with so 
nidi.v advantages, that he was induced to analyse it in his Treatise on Optfes. Cas- 
segrain was a Frcneli artist, who proposed this method of construction about the 
year HiOo, and nearly at the same time that Gregory proposed his. It is certain that 
the length of the ttleseope i< by these means considerably diminibhed. 

The Knglisli, lor a long time, have enjoyed a superiority in works of this kind. 
The art of <*as.ting and ]jolishing the metallic miirors, necesbary for these instruments, 
is indeed ex<‘cediiigly diiricult. M. Pahseniciit, a celebrated French artist, and the 
brothers Paris and Gonichon, opticians at Paris, are the first who attempted to vie 
with them in this braiieh of manufacture ; and both have constructed a great number 
of reflecting telescopes, some of which arc 5 or feet in length. Among the Knglisb, 
no artist distinguished himself more in this respect than Short, though his telescopes 
were not of great length : besides some of 4, 5, and 0 feet, he made one of 1’^, which 
belonged* some years ago to the physician of Lord Macclesfield. By applying a lens 
of the shortest tocdl distance which it could bear, it magnified about 1200 times. The 
satellites of Jii[)iler therefoic, seen through this telescope, arc said to have had a sen- 
sible apparent diameter. But this telescope, as we have heard, is no longer in exist- 
ence, the large iniiror being lost. 

The longest of all the reflecting telescopes ever yet constructed, if we except that 
lately made by Hcrschel, is one in the king’s collection of philosophical and optical 
instruments at La Mtute; it is the work of Doin Noel, a Benedictine, the keeper 
of the colleetioii, and was begun several years before he was placed at the head of 
that establishment, where he finished it, and where the curious were allowed to see it, 
and to contemplate with it the heavens. It is mounted on a kind of moveable 
pedestal, and, notwithstanding its enormous weight, can be moved in every direc- 
tion, along with the observer, by a very simple mechanism. But what would be 
most interesting, is to ascertain the degree of its power, and whether it produces 
an effect proportioned to its length, or at least considerably greater than the largest 
and best reflecting telescopes constructed before ; for we know that the effects of 
these instruments, supposing the same excellence in the workmanship, do not increase 
in proportion to the length. 

Huygens’ telescope of 123 feet, which be presented to the Royal Society, did not 
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produce an effect quadruple that of a good telescope of 30 feet ; and the case must 
be the same in regard to reflecting telescopes, where the difficulties of the labour 
are still greater; so that if a telescope of 24 feet produced one half more eflTect 
than another of 12, or only the double of one of 6 feet, it ought, in our opinion, to 
be considered as a good instrument. 

We have heard that Dorn Noel was desirous of making this comparison, and the 
method he proposed was rational. We have long considered it as the only one proper 
for comparing such instruments. It is to place at the distance of several hundred feet 
printed characters of every size, composingbarbarous words without any meaning, in 
order that those ^^mo make the experiment may not be assisted by one or two words 
to guess the rest. The telescope, by means of winch the smallest characters are 
read, will undoubtedly be the be^t. We have seen stuck up, on the dome of the 
Hospital of Invalids, pieces of paper of this kind, which Dorn Noel had placed 
there for the purpose of making this comparison; but unfortunately such instru- 
ments cannot be brought to one place. Printed characters, such as above de- 
scribed, might therefore be fixed up at a convenient distance from each without remov# 
ing the instruments, and persons appointed for the purpose ought to go to the different 
observatories, at times when the weather is exactly similar, and examine what charac- 
ters can be read by each telescope. By this method a positive answer to the above 
question would be obtained. 

But the largest' and the most powerful of all the reflecting telescopes has been 
lately made by Dr. Ilerschcl, under the auspices of the British monarch ; a conse- 
quence of which was the discovery of his new primary planet, and of many additional 
satellites. After a long perseverance in a series of improvements of reflecting teles- 
copes, of the Newtonian form, making them suceessively laigcr and more accurate, 
this gentleman came at length to make one of the amazing size of forty feet in length. 
This telescope was begun in the year 1785, and completed in 1789. '1 he length of 

the sheet-iron tube is 40 feet, and diameter 4 feet 10 inches. The great minor is 
49^ inches in diameter, 3^ inches thick, and weighs 21181b. The whole is managed 
by a large apparatus of machinery, of wheels and pulleys, by means ot which it is 
easily moved in any direction, vertically and sideways. The observer looks in at the 
outer or object end; from whence proceeds a pipe to a small bouse near the instill- 
ment for conveying information by sound, backward and forward to an assistant, who 
thus under cover sets down the time and observations made by the principal observer. 
The consequences of this, and the other powerful machines of this gentleman^ 
have been new discoveries in the heavens of the most important nature.* 

PROBLEM XLH. 

Method of constructing a telescope^ by means of which an object may he seen, even when 
then instrument appears to he directed towards another. 

As it is not polite to gaze at any one, a sort of glass has been invented in 
England, by means of which, when the person who uses it seems to be viewing one ob- 
ject, he is really looking at another. The construction of this instrument is very simple. 

Adapt to the end of an opera glass (Fig. 470, the object glass of which in this 
case becomes useless, a tube with a lateral aperture as large as the diameter of the 

• This celebrated telescope, by which its maker. Sir William Herschel, LL.U., made discoveries 
of the greatest importance lu the bearens, has long been in a state unht for use ; the surface of the 
great miiror having become covered with a crystallised crust. Sii i. Heischel, the distingumhcd son 
of .Sir U ilham, uses a twent)-feet reflector, of his own construction ; and he has found its powen 
quite sufficient for the most delicate observations of astronomical phenomena. 

'Jhe late Mr. Kamace, an Aberdeen tradesman, made a considerable number of excellent mirrors of 
large dimensions, some of which were htted up ns telescopes, and mounted in a manuei similar to 
the great one of Sir William Herschel, with some simplifications. Upe was for several ^earM on 
▼lew at the tiieenwich Observatory. Mr. Khmage had one fitted up for himself ; and we believe Sir 
John Koss, the northern navigator, had one set up at his house at Stranraer, with which he eoc e 
Biutially made observations on the eclipses of Jupiter’s satellites. 
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tube will admit, and opposite to this aperture place a small 
mirror inclined to the axis of the tube at an angle of 45 
degrees, and having its reflecting surface turned towards the 
object glass. It is evident that when this telescope is directed 
straight forwards, you will see only some of the lateral objects, 
viz. those situated near the line drawn trom the eye in the direction of the axis of 
the telescope, and reflected by the mirror. These objects will appear upright, but 
transposed from right to left. To conceal the artifice better, the fore part of the 
telescope may be furnished with a plane glass, which will have the appearance of an 
object glass placed in the usual manner. 

This instrument, which is not very common in France, is exceedingly convenient 
for gratifying one’s cunosity in the playhouse, and other places of public amusement, 
especially if the mirror be so fixed as to be susceptible of being inoie or less 
inclined ; for those who use it, while they seem to look at the stage and the per- 
formers, may without atTectation, and without violating the rules of politeness, 
examine an interesting figure in the boxes. 

We must howevei observe that the tirst idea of this instrument is not very new; 
for the celebrated llcvelius, who it seems was afraid of being shot, proposed many 
years ago his polemoscopet or telescope for viewing under cover, and without danger, 
wailike operation'!, and those in paiticular which lake place during the time of 
a siege. It consisted of a tube bent in such a manner as to foim two elliows, in 
each of which was a plane mirror inclined at an angle of 45 degrees. The first 
part of the tube was made to rest on the parapet towards the enemy; the imago 
reflected by the first inclined mirror passed through the tube in a perpendicular 
direction, and meeting with the second mirror was reflected horizontally towards 
the eye glass, wheie the eye was applied : by these means a person behind a stiong 
parapet could see what the enemy were doing without the walls. The chief thing 
to be apprehended in regard to this instrument was, that the object glass might be 
broken by a ball ; but this was certainly a trifling misfortune, and not very likely 
to happen. 


Bg. 47. 



OF MICROSCOPES. 

What the telescope has performed in the philosophy of the heavenly bodies, the 
micn)‘'COj)c has done in regard to that of the terrcstiial: for by the assistance of 
the hittei we have been able to discover an older ot beings which would otherwise 
have escaped our notice; to examine the texture of .the Knallcst of the productions 
of nature, and to observe phenomena ^^Iliclltake place only among the most minute 
parts of matter. Nothing can be more curious than the facts vvbieh have been ascer- 
tained by the assistance of the microscope ; but in this part of science much still 
remains to be done. 

There arc two sorts of microscopes— simple and compound ; we shall speak of 
both, and begin with the former. 


PROBLEM XLIII. 

Method of constructing a Simple Microscope, 

I. Every convex lens of a short focal distance is a microscope ; for it is shewn 
that a lens magnifies in the ratio of the focal distance to the least distance at which 
the object can be placed to be distinctly seen ; which, in regard to most men who 
are not short-sighted, is about 8 inches. Thus a lens, the focal distance of which 
is 6 lines, will magnify the dimensions of the object 16 times ; if its focal distance be 
only one line, it will magnify 96 times. 

II. It is difficult to construct a lens of so short a focus ; as it is necessary that 
the radius of each of its convexities should be only a line ; for this reason smaU 
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glast globes, fused at an enameller's latnp, or the flame of a taper, are employed in 
their stead. The method by which this is done, is as follows. 

Break oflf a piece of very pure transparent glass, either by means of an instrument 
made for that purpose, or the wards of a key ; then take up one of these fragments 
by applying to it the point of a needle a little moistened with saliva, which will make it 
adhere, and present it to the blue flame of a taper, which must be kept somewhat 
inclined, that the fragment of glass may not fall upon the wax. As soon almost as it 
it held to the flame, it will be fused into a round globule, and drop down : a 
piece of paper therefore, with a turned up border, must be placed below, in 
order to receive it. 

It is here to be observed that there are some kinds of glass which it is difficult to 
fuse ; in this case it will be necessary to employ another kind. 

Of these globules select the brightest and roundest ; then take a plate of copper, 
5 or 6 inches in length, and about 6 lines in breadth, and having folded it double, 
make a hole in it somewhat less in diameter than the globule, and raise up the edges. 
If you then fix one of these globules in this hole, between the two plates^ and bind 
them firmly together, you will have a single microscope. 

As it is easy to obtain globules of and i of a line in diameter, and as the focus 
of a globule is at the distance of a quarter of its diameter without it, we are enabled 
by this process to magnify objects in a very high degree ; for if the dia- 
meter of the globule be only ^ line, by employing this proportion : as f of half a 
line, or g, are to 9f> lines, so is 1 to a fourth term, we shall have as fourth term the 
number 153, which will express the increase of the diameter of the object. The 
object therefore, in regard to surface, will be magnified 23409 times, and in regard to 
solidity 3581077 times. 

The celebrated Lcwenhoeck, so well known on account of his microscopical ob- 
servations, never employed microscopes of any other kind. It is however certain 
that they are attended with many inconveniences, and can be used only for objects 
which are transparent, or at least semi-transparent, as it may be leadily conceived 
that it is not possible to illuminate a surface which is viewed in any other way than 
from behind. By means of these microscopes Lewenhoeck made a great number of 
curious observations, an account of which will be found hereafter, under the head 
Microscopical Observations. • 

III. The water micioscope of Gray, which is much simpler, maybe constructed in 
the following manner. 

Provide a plate of lead, ^ of a line in thickness at most, and make a round hole in 
it with a needle or a large pin ; pare the edges of this hole, and put into it, with 
the point of a feather, a small drop of water ; the anterior and posterior surfaces 
of the water will assume a convex spherical form, and thus you will have a mi- 
croscope. 

The focus of such a globule is at a distance somewhat greater than that of a glass 
globule of equal size ; for the focus of a globule of w'utei is at the distance of the ra- 
dius from its surface. A globule of water, therefore, J aline in diameter, will magnity 
only 128 times; but this deficiency is fully compensated by the ease with which a 
globule of any diametei, however small, may be obtained. 

If water be employed in which leaves, wood, pepper, or flour has been infused, in 
the open air, the microscope will be both object and instrument ; for by this means 
the small microscopic animals which the water contains will be seen. Mr. Giuy was 
very much astonished, the first time he observed this phenomenon ; but it afterwards 
occurred to him that the posterior surface of the drop produced, in regard to those 
animals placed between it and its focus, the same effects as a concave mirror, and 
magnified their image, which was still farther enlarged by the kind of convex lens of 
the anterior surface. 

IV. Another kind of microscope may be also procured at a very small expense, by 
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making R hole of about the fourth or fifth part of a line in diameter, m a card or very 
thin plate of metal. If very small objects be viewed through this hole, they will 
appear magnified in the ratio of their distance fi‘om the eye, to that at wUch an 
object can be distinctly seen by the naked eye. 

This kind of microscope is much extolled in the ** Journal de Trevoux but we 
must confess that we never could see small objects distinctly through such holes, 
unless at the distance of an inch, or half an inch ; and even then they did not appear 
to be much magnified. 

PEOfiLEM XLIV. 

Of Compound Microscopes. 

The compound microscope consists of an object glass, which is a lens of a very shert 
focus, such for example as 4 or 6 lines, and an eye-glass of 2 inches focus, at the 
distance from it of about 6 or 8 inches. The object must be placed a little beyond 
the focus of the object glass, and the distance ot the eye from the eye-glass ought to 
be equal to the focal distance of the latter. Having formed such a combination of 
glasses, if the object be made to approach gently to the object glass, there will be a 
certain point at which it will appear to be considerably magnified. 

If the focal distance of the object glass be 4 lines, lor examjile, and if the object 
be 4J lines from it, the imajje will be formed at the distance of 04 lines, or five.inches 
4 lines : it will therefore be 14 times as large as the object, for 64 is to4J nearly as 14 
to 1. If the focal distance of the eye-glass, in the locus of which this image is formed, 
be two inches, it will magnify about 4 times more : but 14 x 4 = 56, which ex- 
presses the number of tiiiu s that the diameter of the object will appear to be magnified. 

If you are desirous that it should not be magnified so much, remove gradually the 
object from the object glass, and bring the eye-gl.iss nearer; the image will then be 
seen not so large, bid more distinct. 

On the other hand, if you w'lsbit to be magnified more, move the object gradually 
towaids the object glass, or move the latter to waids the object, and remove the eye- 
glass: the object will then appear much larger; but there are certain limits beyond 
which every thing seems confused. 

Instead of one eye-glass, two are sometimes used to increase the field of vision; 
the first of which iias a focal distance ot 4 or 5 inches, while that of the second is 
much less; but this is* still the same thing. The image of the small object must be 
placed, in regard to this compound eye-glass, in the same point where an object 
ought to he, to he seen distinctly when viewed through it. 

A concave object glass might he employed by making its posterior focus coincide 
with tlie image : this would form a kind of microscope similar to the Batavian teles- 
co[)e ; hut it would be attended with the same inconvenience, that of having too 
contracted a field. 

There aic also reflecting microscopes as well as telescopes; the principle of both 
is the same, a minute object placed very near the focus of a concave mirror, and on 
this side of it, in regard to the centre, reflects an image of it beyond the centre ; 
and this image wdll be larger the nearer it is to the focus. The image is viewed 
through a convex lens, and in this kind of mieroseope an object glass of a much 
shorter focus may be employed, which will contribute to the amplification of the object. 

Every thing relating to this subject may be found in a very curious work by 
Baker, entitled the “ Microscope made Easy.’* The reader may consult also Smith’s 
Optics, part 4. These works, and particularly the first, contain a great variety of 
curious details respecting the method of employing microscopes, and the observations 
made by means of them. See also “ Essais de Physique de Muaehenbroeck.” 

We intend to give an account of the most curious observations which have 
been made by the assistance of the microscope ; but to avoid confusion wc shall 
reserve that article for the end of this part of our work. 
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PROBLEM LXV. 

A very simple method of ascertaining the real magnitude of objects, seen through a 

microscope* 

It is often useful, and may sometimes gratify curiosity, to be able to determine 
the real magnitude of certain objects examined by means of the microscope : the 
following very simple and ingenious method for this purpose was invented by Dr. 
Juiin, a celebrated philosopher, and a fellow of the Royal Society of London. 

Take a piece of the tinest silver wire possible to be obtained, and roll it as close 
as you can around an iron cylinder, a few inches in length. It will be necessary to 
examine it with a microscope, in order to discover whether there be any vacuity or 
opening between the folds. : by thc«e means you will ascertain, with great precision, 
the diameter of the silver wire. For if we suppose that there are 520 turns in the 
space of an inch, it is evident that the diameter of the wire will be the 520th part of 
an inch ; a measure which cannot be obtained in any other manner. 

Then cut this silver wire into very small bits, and scatter a certain quantity of 
them over the small plate on which the objects, submitted to examination, are 
placed : if you look at these bits of wire along with the objects, you will be enabled, 
by comparing them together, to judge of the size of the lattir. 

It washy a similar pioccss that Dr. Jurin determined the size of the globules 
which give to blood its led colour. He first found that the diameter of his silver 
wire was the 485th paitoran inch, and then judged by comparison that the diameter 
of a red globule of blood was the fourth part of that of the wire ; from which he 
concluded that tlie diameter of the globule was the 1940th part of an inch. 


PROBLEM XLVI. 

To construct a Magic Picture, which being seen in a certain point through a glass, shall 
^exhibit an object, different from that seen with the naked eye. 

As this opticial problem is solved hy means of a glass eiit into facets, or what is 
called a multiplying glass, we shall first explain the nature of such glasses, 

Mulfipljing glasses arc generally lenses, plane on 
Fig. 48. one side, and on the other cut intq several facets in 

the form of a polycdron, of tins kind is the glass 
represented Fig. 48. and 40. where it is seen in front, 
O and also edgewise. It consists of a plane hexagonal 
facet in the centre, and six trapeziums arranged 
round the circumference. 



These glasses have the property of representing the object as many times as there 
are facets ; for if we suppose the object to be o, the rays which proceed from it fall 
i upon all the facets of the glass a d, d c, c b. Those which tra- 

Fig, 49.^ verse JtWe facet d c , pass thiougbit ns through a plane glass in- 

terposed betw’een the eye and the object ; but the rays that pro- 
/v / | \ f’ced from o, to the inclined facet ad, experience a double re- 

I fraction, which makes them converge towards the axis o e, nearly 

as they would do if they fell upon the spherical surface, in which 
the glass pol^edron might be inscribed. The eye, being placed 
in the common point of concurrence, sees the point o, at w, 
in the continuation of the radius e f ; consequently an image of the point o, dif- 
ferent from the former, will be observed. As the same thing takes place in regard 
to each facet, the object will be seen as many limes as there are facets on the glass. 


and in different places. 

Now, if we suppose a luminous point in the axis of the glass, and at a proper 
distance, all the rays which fall on one facet will, after a double refraction, proceed 
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to a piece of white {laper placed perpendicular to the aalt cOn^ued, and paint on it 
an image of that £lcet of a greater or leas tize» and which at a certain distance will be 
inverted. Consequently, if we suppose the eye to be substituted instead of the lu- 
minous pidiit, end that the image itself is luminous or coloured, the rays which pro- 
ceed from that image, or part of the paper, will terminate at the eye ; and they will 
be the only ones that reach it after experiencing a double refraction on the same fricet. 
If the like reasoning be employed in regard to the rest, it may be easily seen that, 
when the eye is placed in a frxed point, it will observe through each facet only a cer- 
tain portion of the paper, and that the whole together will fill the field of vision, 
though detached on the paper ; so that if a certain part of a regular and continued 
picture be painted on each, they will all together represent that picture. 

The artifice then of the proposed magic picture, after having fixed the place of the 
eye, that of the glass and the field of the picture, is to determine those portions of 
the picture which shall alone be seen through the glass ; to paint upon each the deter- 
minate portion, according to a given subject, such as a portrait, so that when united 
together they may produce the painting itself; and in the last place, to fill up the 
remainder of the field of the picture with any thing at pleasure ; but arranging the 
whole in such a manner as to form a regular subject* 

Having thus explained the principle of this optical amusement, we shall now shew 
how it is to be put in practice. 

Let A BC D (Fig. 50.) represent a board, at the ex- 
tremity of which is fixed another in a perpendicular 
direction, having at its edges two pieces of wood 
with grooves, to receive a piece of pasteboard, co- 
vered with white paper or canvass. This pasteboard, 
which may be pushed in or draw n out at pleasure, 
is the field of the intended picture : e J> H is a verti- 
cal board, the bottom part of which must be contrived 
in such a manner that it can be brought nearer to or farther from the painting ; and 
towards the upper pait it is furnished with a tube, having at its anterior extremity a 
glass cut into facets, and at the other a piece of card, in which is a small hole m^e 
by means of a needle, and to which the eye is applied. We shall here suppose the 
gloss to be plane on one side, and on the other to consist of six ihomboidal facets, 
placed around the centre, and of six triangular ones which occupy the remainder 
of the hexagon. 

When every thing is thus prepared, fix the support x o h at a eCrtain distance from 
the field of the picture, according as you aie desirous that the parts to he dehneated 
should be nearer to or farther from each other. But this distance ought, at least, to 
be four times the diameter of the sphere in which the pol)edron of the glass could 
be inscribed ; and the distance from the eye to the glass may be equal to twice that 
diameter. Then place the eye at the hole bole k, the distance of which has been 
thus determined, and with a stick having a pencil at the end of it, if the hand caiuiot 
reach the pasteboard, trace out, in as light a manner as possible, the outline of the 
space observed through one facet, and do the same thing in regard to the rest. This 
operation will require a great deal of accuracy and patience ; for, to render the work 
perfect, no perceptible interval must be left between the two spaces seen through two 
contiguous facets : it will be better on the whole if they rather encroach a little on 
each other. Care must also be taken to mark each space with the same number as 
that assigned to each facet, in order that they may be again known. This however 
will be easy, by observing that the space corresponding ter each facet is always 
transferred parallel to itself from top to bottom, or from right to left, oti the otk^ 
side of the centre. 

The next thing is to Tlelineate the regular picture intended to be seen, stid to 

Y 


Fig. 50. 
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transpose it into the spaces where it appears distorted. According to mathematicai 
accuracy, it would be necessary tor this purpose to form a projection of the glass cut 
into facets, supposing the eye at the distance at which it is really placed ; but as we sup- 
pose it a little more remote, we may without any sensible error 
assume, as the field ot the regular picture, the vertical projec- 
tion, as seen Fig. 51, where it is represented such as it would 
appear to the eye placed perpendicularly above its centre, and at 
a very considerable distance. 

Delineate in the field, which in this case will be hexagonal, 
and composed of six rhomboid'^ and six triangles, any figure 
whatever, as a poi trait for example, and then, considering that 
the space abed f Fig. 5*2.) is that where the portion of the pic- 
ture maikcd 1 ought to appear, it must be transferred thither with 
as much care as possible ; do the same thing in regard to the 
rest; and by these means the principal part of the picture will 
be completed, lint as it is intended to shew something else 
beside what ought to be seen, it must be disguised by means 
of some othei objects painted in the remaining pari of the 
field, making them to harmonize with what is already painted, in 
such a manner, that the whole shall appear to form one regular 
and connected subject. All this however must depend on the taste and genius ot the 
artist. 

In the “ Perspective Curieuse** of father Niceron, a much more minute explana- 
tion of the whole process may be found. Those to w'honi what is here said does 
not seem sutlicicnt, must consult that work. Niccron tells us that ho executed, 
at Paris, and deposited in the library of the Minimes, of the Place Iloyale, a picture 
of this kind, which, when seen with the naked eye, represented fifteen portraits 
of Tuikish Sultans; but, w'hen viewed through the glass, was the portrait of 
Louis Xlll. 

A picture by Amadeus Vanloo, much more ingenious, was shewn in the year 1759, 
in the exhibition room of the Royal Academy of J*aintiiig. 'J’o the naked eye, it 
was an allegorical picture, which represented the Virtues, with their attiibuics, 
properly grouped; but, when seen through the glass, it exhibited the portrait of 
Louis XV. 

As.— 1st. It is necessary to observe, that the place of the glass, when once 
fixed, must be invariable; for us glasses perfectly regular cannot be obtained, if they 
are moved, it will be almost impossible to replace them in the proper point ; hence it 
will be necessary to be assured that the glass is of a good quality ; for, if it be too 
alkaline, and happen to lone its polish by the contact of the air, another capable 
of producing the same effect cannot be substituted in its stead. This is an accident 
which, according to what we have heard, happened to the glass of Vanloo’s picture. 

2d. Instead of a glass, like that employed in the above example, or of one more 
compounded, a plain pyramidal glass might he employed, by which the problem would 
be greatly simplified 

3d. A glass, the portion of a prism, cut into a great number of planes parallel to 
its axis, might also be employed ; in this case the painting to be viewed through the 
glass ought to be delineated on parallel batids. 

4th. A glass might be formed of several concentric conical surfaces, or of several 
spherical surfaces of different diameters, likewise concentric : in this case the pic- 
ture to be viewed through the glass ought to be distributed in different concentric 
rings. 

V 5th. A magic picture might be formed by reflection. For this purpose, provide a 
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metal mirror wth facets well polished, and having very sharp edges ; place before it, 
in a direction parallel to its axis, a piece of white paper or card, and by means of the 
principles above explained delineate a picture, which when viewed in front by the 
naked eye, shall represent a certain subject ; if you then make a hole in the middle 
of the picture, and look through this hole at the image of it formed by the mirror, it 
will appear to be entirely different. 

PROBLEM XLVII. 

To construct a lantern^ hy means of which a hook can be read at a great distance t 

at night. 

Construct a lantern of a cylindric form, or shaped like a small cask placed length- 
wise, so that its axis shall be horizontal ; and in one end of it fix a parabolic mirror, 
or merely a spherical one, the focus of which falls about the middle of the length 
of the cylinder : if a taper or lamp be then placed in this focus, the light will be 
reflected through the open end, and will be so strong that very small print may be 
read by it at a great distance, if looked at through a telescope. Those who see this 
light at a distance, if standing in the axis of the lantern continued, will imagine that 
they see a large fire. 

PROBLEM XLVIII. 

To construct a Magic Lantern. 

The name of magic hnitern^ as is well known, is given to an optical instrument, 
by means of winch ligures greatly magnified may be represented on a white wall or 
cloth. This instrument, invented, we believe, by Fathei Kireher, a jesuit, has be- 
come a useful resource to a great number of people, who gain their livelihood by 
exhibiting this spectacle to the populace. But though it has fallen into vulgar 
hands, it is nevertheless ingenious, and deserves a place in this work. We shall 
therefore describe the metliod of constructing it, and add a few oliservations, which 
may tend to improve it, and to render it more interesting. 

First, pi o vide a box about a foot square (Fig. 53.) 

JFiy. 53. Qf tin-plate, or copper, or wood, and make a hole 

towards the middle of the fore part of it, about 
three inches in diameter : into this hole let there be 
soldered a tube, the interior apeiture of wliich must 
be fuinifebcd with a very tian.sparent lens, having its 
focus within the box, and at the distance of two- 
thirds or three-fourths of the breadth of the box. 
In this locus place a lamp with a large wick, in order 
that it may produce a strong light ; and that the 
machine may be more perfect, the lamp ought to be moveable, so that it can he 
placed exactly in the focus of the lens. To avoid the aberration of sphericity, the 
lens in question may he foimcd of two lenses, each of a double focus. I’his, in our 
opinion, would greatly contribute to the distinctness of the picture. 

At a small distance from the aperture of the box, let there be a slit in the tube, 
for which purpose this part of it must be square, capable of receiving a slip of glass 
surrounded by a frame, four inches in breadth, and of any length at pleasure. Va- 
rious objects, according to fancy, arc painted on this slip of glass, with transparent 
colours ; but in general the subjects chosen are of the comic and grotesque kind. 

Another tube, furnished with a lens of about three inches focal distance, must be 
fitted into the former one, and in such a manner, that it can be drawn out or pushed 
in as may be found necessary. 

Having thus given a description of the machine, we shall now explain its effect. 
The lamp being lighted, and the machine placed on the table opposite to a white 
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wall, if it be exhibited in the day time, shut the windows of the apartment, and 
introduce into the slit above mentioned one of the painted slips of glass, but in such 
a manner that the figures may be inverted : if the moveable tube be then pushed in 
or drawn out, till the proper focus is obtained, the figures on the glass will be seen 
painted on the wall, in their proper colours, and greatly magnified. 

If the other end of the moveable tube be furnished with a lens of a much greater 
focal distance, the luminous field will be increased, and the figures will be magnified 
ill proportion. It will be of advantage to place a diaphragm in this moveable tube, 
at nearly the focal distance of the first lens, as it will exclude the rays of the lateral 
objects, and thereby contiibute to render the painting much more dirtinct. 

We have alieady said that the small figures on the glass must be painted with 
transparent colours. The colours for this purpose may be made in the following 
manner: red, by a strong infusion of Brasil wood, or cochineal, or carmine, according 
to the tint required ; green, by a solution of verdigris ; or for dark greens, of martial 
vitriol (sulphate of iron); yellow, by an infusion of >cllow berries; blue, by a 
solution of vitriol of copper (sulphate of copper) , these three or four colours, as is 
well known, will be sufficient to form all the rest : they may be mixed up and 
rendered tenacious by means of very pure and tiansparcnt guni-water, after which 
they will be fit for painting on glass. In most machines of this kind, the paintings 
arc so coarsely executed, that they cannot fail to excite disgust; but if they are 
neatly designed, and well finished, this sinall optical exhibition must afford a con- 
siderable degree of pleasure. 


PROBLEM XLTX. 

Method of constructing a Solar Microscope. 

The Solar Microscope, for the invention of which we aie indebted to Mr. Lie- 
berkun, is nothing else, properly speaking, than a kind of magic lantern, where the 
sun pci forms the part of the lamp, and the small objects exposed on a glass or the 
point of a pin, that of the figures painted on the glass blips of the latter. But the 
following ib a more minute description of it. 

Make a round bole in the window shutter, about three inches in diameter, and 
place ill it a glass lens of about twelve inches focal du.tance. To the inside of the 
hole adapt a tube, having, at a small di*»tance from the lerib, a &lit or aperture, capa- 
ble of receiving one or two very thin plates of glass, to which the objects to be 
viewed must be affixed by means of a little gum-water exceedingly transparent. 
Into this tube fit another, furnished at its anterior extremity with a lens of a short 
focal distance, such for example as half an inch. If a mirror be then placed before 
the hole in the window- shutter on the outside, in such a mannei as to throw the 
light of the sun into the tube, you will have a solar microscope. The method of em- 
ploying it is as follows. 

Having darkened the room, and by means of the mirror reflected the sun’s rays on 
the glasses in a direction parallel to their axes, place some small object between the 
two moveable plates of glass, or affix it to one of them with very transparent gum- 
wafer, and bring it exactly into the axis of the tube : if the moveable tube be then 
pushed in or drawn out, till the object be a little beyond the focus, it will be seen 
painted very dictiiictly on a card or piece of white paper, held at a proper distance ; 
and will appear to he greatly magnified. A small insect, such as a flea for example, 
may be made to appear as large as a sheep, or a hair as large as a walking-stick ; by 
means of this instrument the ee’s in vinegar, or flour paste, will have the appearance 
of small serpents. 


Remark — As the sun is not stationary, this instrument is attended with one incon- 
venience, which is, that as this luminary moves with great rapidity, the mirror on 
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the outside requires to be continually adjusted. This defect however S’Gravesande 
remedied by means of a very ingenious machine, which moves the fftirror in such a 
manner that it always throws the sun’s rays into the tube. This machine, therefore, 
has been distinguished by the name of the aoLsta. 

Some curious details respecting the solar microscope may be seen in the French 
Translation of Smith’s Optics, where several useful inventions for impioving it, and 
for which we are indebted to Euler, are explained. A method, invented by ASpinus, 
of rendering it proper for representing opnke objects, will be found there also. It 
consists in reflecting, by means of a large lens and a mirror, the condensed light of 
the sun on the surface of the object, presented to the object glass of the microscope. 
M. Mumenthaler, a Swiss optician, proposed a different expedient. But solar 
microscopes are still attended with another inconvenience: as the objects are very 
near the focus of the first lens, they are subjected to a heat which soon destroys or 
disfigures them. Dr. TIill, who made great use of this microscope, proposed there- 
fore to employ several lamps, the light of which united into one focus is 
exceedingly bright and fiee from the above iiicoiiveinence ; hut we do not know 
whether he ever carried this idea into practice, and with what success. 

PnOHLElVI L. 

Of Colnur<t^ and the different Refrnny‘dnlitif of Liyht 

One of the nohltst discoveries of the 17th century, is that made by the celebrated 
Newton, in 1066, respecting the composition of light, and the cause of colours. 
Who could have believed that white, which appears to be a colour so pure, is the 
result of the seven primitive iinalteiable colours mixed together in a certain propor- 
tion I This however has been proved by his experiments 

The instrument w'hieh he employed foi decompo'^itig light in this maimer, was the 
prism, now' well known, but at th.it time a mere object of curiosity on account of the 
colours, with which every thing viewed through it seems to be hoidered. But on this 
subject we shall conhiie oursthes to two of Newton’s experiments, and a deduction 
of the cousequeiiccs which result fruiirthem. 

If a ray of a solar light, an inch or half an 
inch in diameter (Fig 54 ), be admitted into a 
darkened room, so as to fall on a prism placed ho- 
rizontally, with a piece of w'hite paper behind it, 
and if the prism be turned in such a manner, that 
the imr.ge seems to slop; instead of an image of 
the sun neatly round, you will observe n long per- 
pendicular band, consisting of seven colours, in thia 
invariable order, red, orange, yellow, green, blue, 
indigo, violet. When the an^.leof the prism is turned downwards, the red will be 
at the bottom, and vice versa ; but the order will be always the same. 

From this, and various other (xperiments of a similar kind, Newton concludes : 

1. That the light of the sun contains these seven primitive colours. 

2. That these colours are formed by the rays experiencing different refractions; and 
the red, in particular, is that which is the least broken or refracted; the next is the 
orange, &c. ; in the last place, that the violet is that which, under the same inclina- 
tion, suffers the greatest refraction. The truth of these consequences cannot be 
denied by those who are in the least acquainted with geometry. 

But the nicest experiment is that by which Newton proved that these differently 
coloured rays are afterwards unalterable. To make this experiment in a proper man- 
ner, it will be necessary to proceed as follows ; 

In the first place, the bole in the window shutter of the darkened room must be 
reduced to the diameter of a line at most ; and the light every where else must be 
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carefully excluded. When this is done, receive the solar rays on a large lens, of 7 or 
8 feet focus, placed at the distance of 15 feet from the hole, and a little beyond the 
lens place a prism in such a manner that the stream of light may fall upon it* Then 
hold a piece of white card at such a distance that the image of the sun would be 
painted upon it vritbout the interposition of the prism, and you will see painted on 
the card, instead of a round image, a very narrow coloured bund, containing the seven 
primitive colonis. 

Then pierce a hole in the card, about a line in diameter, and suffer any one of 
the colouis to pass through it, taking care that it shall do so in the middle of the 
space which it occupies, and receive it on a second card placed behind the former. If 
intercepted by another prism, it will be found that it no longer produces a lengthened, 
but a round image, and all of the same colour. Besides, if you hold in that colour 
any object whatever, it will be tinged by it; and if you look at the object with a 
third prism, it will he seen of no other colour but that in which it is immersed, and 
without any elongition, as when it is immersed in light susceptible of decompo- 
sition. 

This experiment, nhieli is now ens)r to those tolerably well versed in philosophy, 
proves tlie tliiid of the principal facts advanced by Newton. 

That when a colour is freed from the mixture of others, it is unalterable ; that a 
red ray, whatever refi action it may he made to experience, will always lemain red, 
and so of the lest. 

It docs nogicat honour to the French philosophers of the 17th century to have 
disputed, and even declared false, this assertion of the English philosopher, especially 
on no better foundation than an experiment so badly performed, and so incomplete 
as that of IVlariotte. Wo even cannot help accusing that philosopher, who in other 
respects deserves great praise, of too miuh precipitation; for his experiment was 
not the same as that described by Newton in the ** Philosoiihical Transactions ** for 
loot); and it may In' readily seen that, if performed according to Mariotte's manner^ 
it is impossible it should succeed. 

However, it is at present certain, notwithstanding the remonstrances of Father 
Castcl and the Sicnr Gautier*, that there are in nature seven primitive, homogeneous 
colonis, unequally refrangible, unalterable, and which are the cause of the different 
colours of bodies ; that white contains them dll, and that all of them together com- 
pose wdiit(' ; that wdiat makes a body be of one colour rather than another, is the 
configuration of its minute parts, which causes it to reflect in greater number the rays 
of that particular colour; and in the last place, that black is the privation of all re- 
flection; but this is understood of perfect black, for the material and common black is 
only an exceedingly dark blue. 

Some people, such ns Father Castel, have admitted only three primitive colours, 
viz., red, yellow, and blue ; because red and yellow form orange, yellow and blue 
green, and blue and red violet or indigo, according as the former or the latter predo- 
minates. But this ip another error. It is very true that with two rays, one yellowand 
the other blue, green can be formed ; and this holds good also in regard to material 
colours ; but the green of the coloured image of the prism is totally different: it is 
primitive, and stands the same proof as red, yellow, or blue, without being decom- 
posed The case is the same with orange, indigo, and violet. 

We extract the following remarks on this subject from Dr. Brewster’s treatise on 
Optics, in Dr. Lardner’s Encyclopajdia. 

* The Sieur Gautier, who pretended to be the inventor of the method of engravinj; in colours, 
opposed with preat violence, in the year 1750, the theory of Newton, both iu regard to colours and 
to the system of the universe. Hw reasoning and experiments, however, arc as conclusive as ex- 
periments made with a faulty air-pump would be against the gravity of ttie atmosphere. For this 
leason, he never had any paitixans but a few of his own countrymen, one of whom was a pott, 

who had found out that dbijccts are not painted on the retina in an inverted position. 
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Decomposition of Light hy Absorption. 

“ If we measure <he quantity of light, which is reflected from the surfaces, and 
transmitted through the substance of transparent bodies, wc shall find that the sum 
of these quantities is always less than the quantity of light that falls upon the 
body. Hence we may conclude that a certain portion of light is lost in passing 
through the most transparent bodies. This loss arises from two causes. A part 
of the light is scattered in all directions by irregular reflection from the imperfectly 
polished surface of particular media, or from imperfect union of its parts ; while 
another, and generally a gi cater portion, is absorbed^ or stopped by the particles 
of the body. Colouicd fluids, such as black and red ink, though equally homo- 
geneous, stop or absorb dilferent kinds of rays, and when exposed to the sun they 
become heated in dilferent degrees, w'hile pine water seems to transmit all the rays 
equally, and scarcely leceives any heat from the passing light of the sun. 

“ When we examine moic iniriutely the action ol’ coloured fluids in absorbing 
light, many remaikuble phenomena present themselves, which throw much light 
upon this curious subject. 

** If wt take a juece of blue glass, like that generally used for finger glasses, and 
transmit thiouf'h it a beam of white light, the light will be a fine deep blue. This 
blue is not a simple homogeneous colour, like the blue or indigo of the spectrum, 
but is a mixture of all the colouis of white light which the glass has not absorbed ; 
and the colours which the glass has absoihcd are those which the blue wants of white 
light, or which, when mixed with this blue, would form white light. In order to 
determine wliat these eolours are, lit us transmit through the blue glass the pris- 
matic spcctiuin K I, (Fig. .54.) ; or what is the same thing, let the observer place his 
eye behind the prism bac, and look thiough it at the sun, or rather at a circular 
aperture made in the window-shutter of a dark room. He will then sec through the 
prism the spectrum k l, as far below the aperture as it was above the spot p, when 
shewn on the screen. Let the blue glass be now interposed between the eye and 
the prism, and a rcmaikahle spectrum will he seen, deficient in a certain number 
of ils diffeiently coloured rays. A particular thickness absorbs the middle of the red 
space, the whole ot the orange, a great part of the green, a considerable part of the 
blue, a little of the indigo, and very little of the violet. The yellow space, which 
has not been much absorbed, has increased in breadth. It occupies part of the space 
formerly occupied by the orange on the one side, and part of the space formerly 
covered hy the green on the other. Hence it follows, that the blue glass has 
absorbed the red light, w hich, when mixed with the yellow light, constituted orange ; 
and has absorbed also the blue light, which, when mixed with the yellow^ constituted 
the part of the green space next to the yellow. Wo have, therefore, hy absorption, 
decomposed green light into yellow and blue, and orange light into yellow and red ; 
and it consequently follows, that the oiaiige and green rays of the spectrum, though 
they cannot be decomposed by prismatic refraction, can be decomposed by absorp- 
tion, and actually consist of two different colours possessing the same degree of re- 
frangibility. Difference of colour is theiefore not a test of difference of refrangi- 
bihtyt and the conclusion deduced by Newlon is no longer admissible as a general 
truth : ‘ That to tile same degree of relrangibilifcy ever belongs the same colour, and 
to the same colour ever belongs the same degree of refrangibility. ’ 

“With the view of obtaining a complete analysis of the spectrum, I have ex- 
amined the spectra piodueed by various bodies, and the ehanges which they undergo 
by absorption when viewed through various coloured media ; and I find that the 
colour of every part of the spectrum may be changed, not only in intensity, but in 
colour, by the action of particular media; and from these observations, which it 
would be out of place here to detail, 1 conclude that the solar spectrum consists 
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of three spectra of equal lengths, viz,, a red spectrum, a yellow spectrum, and a Wire 
spectrum.** 


rig. 55. 



PROBLEM LI. 

0/ the Rainbow ; how formed ; method of making an artificial one. 

Of all the phenomena of nature, none has excited more the admiration of man- 
kind, in all ages, than the rainbow ; but there is none perhaps 
at present which philosophy can explain in a more satisfactory 
manner. 

The rainbow is formed by the solar rays being decomposed 
into their principal colours, in the small drops of rain, by 
means of two refractions, which they experience in entering 
them and issuing from them. In the interior rainbow, wdiich 
often appears alone, the solar ray cnteis at the upper part 
of the diop, is reflected against the bottom, and issues at the 
lower side. This d coinf)Osition may be seen Fig. 55. 
In the exterior rainbow, the rays enter at the bottom 
o the drop, experience two reflections, and issue at 
the upper part. Their progress and decomposition, 
which produce^ colours in an order contrary to the 
former, are represented Fig. 56. Hence the colours 
of the exterior rainbow appear to be inverted, in 
regard to those of the first. 

The manner in which the eye perceives this double 
series of colours is seen Fig. 57. 

Fig. 57. explanation would be incom« 

plete if we did not shew that there is a 
certain determinate inclination, under 
which the red rays issue paiallel, and as 
close to each other as possible, while all 
the rest are divergent; that there is 
another under which the green rays 
issue in this manner ; and so of the rest. 
It is by this alone that they can produce 
an ctfect on a distant eye. 

This explanation of the rainbow is 
confirmed by a simple experiment. When 
the sun is very near the horizon, suspend in an apartment a glass globe filled with 
water, in such a manner as to be illuminated by the sun ; and place yourself 
with your back to that luminary, so that the globe shall be elevated in regard 
to your eye, about 42 degrees above the horizon. By advancing or retiring a 
little, you will not fail to meet with the coloured rays, and it will be easily seen 
that they issue from the bottom of the globe; it will be seen also that the red 
ray issues from it under the greatest angle with the horizon, and the violet, which 
is the lowest one, under the least, so that the red must be without the axis, and 
the violet within it. 

Then raise the globe, in regard to your eye, to 64 degrees, or continue to approach 
it till it be elevated at that angle, and you will meet with the coloured rays issuing 
from the top of it ; first the violet, and then the blue, green, and red, in an order 
altogether contrary to the preceding. If you cover, in the first case, the upper part 
of the globe, and in the second the lower part, no colours will be produced ; which 
is a proof of 'the manner in which they enter it, and issue from it. 

The spectacle of an artificial rainbow may be easily obtained ; it is seen in the 
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vapour of a jet of water, wben the wind disperses it in minute drops. For this ptir. 
pose, place yourself in a line between the jet of water and the sun, with your back 
turned towards the latter. If the sun be at a moderate elevation above the horizon, 
by advancing towards the jet of water, or receding from it, you will soon find a point 
from which a rainbow will be seen in the drops that fall down in fine light rain. 

If there be not a jet of water in the neighbourhood, you may make one at a very 
small expense. Nothing will be necessary but to fill your mouth with water, and 
having turned your back to the sun when at a moderate elevation, to spurt the water 
into the air as high as possible, and in a direction somewhat oblique to the horizon. 
The imitation of this phenomenon may be greatly facilitated by employing a syringe, 
which will scatter the water in very small drops. 

If you are desirous of performing the experiment in a manner still easier, fill a very 
tran<«pareiit cylindric gla^^a bottle with water, and place it on a table in an upright 
pobition ; place a lighted candle at the same height, and at the distance from it of 10 
or 12 feet, and then walk in a transversal direction between the light and the bottle, 
keeping your eye at the same elevation. When you have reached a certain point, 
you will see bundles of coloured rays issuing from one of the sides of the bottle, in 
the following order : violet, blue, yellow, red ; and if you continue to walk trans* 
versely, you will meet with a second series, in a contrary order, viz. red, yellow, blue 
and violet, proceeding from the other side of the bottle. This is exactly what takes 
place in regard to the drops of rain ; and to imitate the pheromenon completely, 
seven similar bottles might be arranged in such a manner, that the eye being placed 
in the proper point, one of the seven colours should he seen in each ; and seven 
others might be arranged at some distance, so as to exhibit the same colours in an 
inverted order. 

Two rainbows would still be produced, even if the solar rays were not differently 
refrangible ; but they would be destitute of colour, and would consist only of two 
circular bands of wdiite or yellowish light. 

The lainbow always forms a portion of a circle around the line drawn from the sun, 
and passing thiough the eye of the spectator; for this reason, when the sun is ele* 
vated above the horizon, the rainbow is less than a semicircle ; but when the sun is in 
the horizon, it is equal to a semicircle. 

A rfdnbow, however, has been seen larger than a semicircle, and which intersected 
the common rainbow ; but this phenomenon was produced by the image of the sun 
refleclcii from the calm, smooth surface of a river. The image of the sun, in this 
case, produced the same effect as if that luminary had been below the horizon. 

Dr. TIallcy has calculated, from the ratio of the different refrangibilities of the sun’s 
rays, that the semi-diameter of the interior rainbow, taken in the middle of its extent, 
ought to be 41® KX ; and that its breadth, which would be only 1® 4^, if the sun were 
a point, ought to be 2® 15' on account of the apparent diameter of that luminary. 
This apparent diameter is the cause why the colours are not separated from each 
other with the same distinctness as they would be, if the sun were a luminous 
point : the radius of the exterior rainbow, taken in the same manner, that ib to 
say in the middle of its extent, is 52® 30'. 

This geometrician and astronomer not only calculated the dimensions of that rain- 
bow which actually appears to us in the heavens, but of those also which would be 
produced if the light of the sun did not issue from the drop of water till after 3, 4, 
5, &c., reflections; whereas, in the principal and interior rainbow, it issues after one, 
and in the second or exterior one, after two. By these calculations it is found that 
the semi-diameter of the third rainbow, counted from the place of the sun, would 
be 41* ; that of the fourth, 43^ fiCf ; &c. But geometry here goes much %rther than 
nature : for besides the continued weakness of the rays, which would render these 
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rainbows scarcely perceptible) being towards the sunt they would be lost amidst tbe 
splendour of that luminary. If the drops which form the rainbow, instead of being 
water, were glass, the mean semi-diameter of the interior rainbow would be 22® 52', 
and that of the exterior 9° St/, towards the side opposite to the sun. 

PROBLEM LH. 

Analogy heUoeen Colours and the Tones of Music Of the Ocular Harpsichord of 

Father Castel. 

As soon as it bad been observed that there were seven primitive colours in nature 
there was some reason to conceive that there miglit be an analogy between these 
colours and the tones of music; tor the latter form a series of seven in the whole 
extent of the octave. This observation did not escape Newton, who remarked also 
that, in the coloured spectrum, the spaces occupied by the violet, indigo, blue, &c., 
correspond to the divisions of the monochord, which gives the sounds re, wt,/a, so/, 
/a, si, ut^ re. 

Newton on this subject proceeded no farther. But Father Castel, whose vi- 
sionary scheme is well known, enlarged this idea; and on the above analogy of 
sound*) founded a system, in consequence of which he promised to the eyes, but 
unfortunately without success, a new pleasure similar to that which the ears expe- 
rience from a concert. 

Father Castel, for reasons of analogy, first changes the order of the colours into 
tbe lollowing, viz. blue, green, yellow, orange, red, violet, indigo, and in the lust 
place blue, which forms as it were the octave of the first. These, according to liis 
system, are the colours which correspond to the diatonic octave of our modtni music, 
M<, rc, mi, /a, so/, /n, si, ut. The fiats and the sharps gave him no embarrassment ; 
and the chromatic octave divided into its twelve colours, was blue, sea-green, olive- 
green, yellow, apricot, orange, red, crimson, violet, agate, indigo, blue, which cor- 
responded to Mf, ut* re, re,* mi, fa, fa* sol, sol,* la, la,* .si, ut. 

Now if a harpsichord be const! ucted in such a manner, says Father Castel, that on 
striking the key ut, instead of healing a sound, a blue band shall appear; that on 
striking re, a green one sliall be setii, and so on, you will have the lequircd instiu- 
ment; provided that fur the first octave of ut a different blue be employed. But 
what arc we to understand by a blue an octave to another? We do not find that 
Father Castel ever explained hnnsclf on this subject in a manner snfiicienlly clear, 
lie only says that, as there are reckoned to he twelve octaves appreciable by the 
ear, from the lowest sound to the most acute, there are in like manner twelve octaves 
of colours, from the darkest blue to the lightest; which gives us reason to believe 
that since the darkest blue is that w'hich ought to represent the lowest key, the blue 
coi responding to the octave must be formed of eleven parts of pure blue, and one of 
white ; that the lightest must be formed of one pari of blue and eleven parts of 
white, and so of the rest. 

However, Father (’'astel did not despair of producing by these means an ocular 
music, as interesting to the eyes as the common music is to well organised ears; and 
lie even thought that a piece of music might be translated into colours for the use 
of the deaf and dumb. ** You may conceive (says he,) what a spectacle will be ex- 
hibited by a room covered with rigadoons and minuets, sarabands and passcailles, 
sonatas and cantatas, and if you choose wnth the complete representation of an opera? 
Have your colours well dinpasonod, and arrange them on a piece of canvas according 
to the exact series, combination, and mixture of the tones, the parts and concords of 
the piece of music which you arc desirous to paint, observing all the different values 
of the note^ minims, crotchets, quavers, syncopes, rests. &c. ; and disposing all the 
parts according to the order of counter-point. It may be readily seen that this is 
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not im|K)88ible, nor even difficult, to any person who has studied the elements of 
painting, and at any rate that a piece oi tapestry of this kind would be equal to those 
where the colours are applied as it were at hazard in the same manner as they are 
in marble. 

Sueh a harpsichord (continues he,) would be an excellent school for painters, 
who might find in it all the secrets and combinations of the colours, and oi that 
which is called claro-obscuro. But even our harmonical tapestry would be attended 
with its advantages ; for one might contemplate there at leisure what hitherto could 
be heard only in passing with rapidity, so as to leave little time for reflection. And 
what pleasure to behold the colours in a disposition truly harmonical, and in that infi- 
nite variety of combinations which harmony furnishes I The design alone of a paint- 
ing excites pleasure. There is certainly a design in a piece of music ; but it is not 
so sensible when the piece is played with rapidity. Here the eye will contemplate it 
at leisure ; it will see the conceit, the contrast of all the paits, the clfeci ot the 
one in opposition to the olhci, the fugues, iinitations, expression, concatenation of the 
cadences, and progress of the modulation. And can it be believed that those pathetic 
passages, those grand tiaits ot harmony, those unexpected changes of tone, that 
alw'a}s cause suspension, languor, tinotions, and a thousand unexpected changes in 
the soul which aliandons itself to them, wdll lose any of their energy in passing from 
the ears to the c>cs, &r. V It will be curious to see the deaf applauding the same 
passages as the blind, &c. Clieen, which corresponds to rc, will no doubt shew that 
the tone re is rural, agreeable, and [lastoial; led, which corresponds to W, will 
excite the idea of a w'urlike and teiritic tone; blue, which corresponds to uf, of a 
noble, majestic, and celestial tone, Ac. It is singular that the colours should have the 
proper cbai actors ascribed liy the aiieiciitstothe exact tones which correspond to them, 
but a great deal might be said, &c. 

A spectacle miglii be exhibited of all forms human and angelical, animals, birds, 
reptiles, fishes, quadrupedes, and even geometric figures. By a simple game the whole 
series of Euclid’s Kleineiits might he demonstrated.” Father Castel’s imagination 
seems here to conduct him in the straight road to Bedlam. 

These passages of leather Castel are so singular, that W'C could not help 
quoting them; but unfoi tuati ly all his fine promises came to nothing. He had con- 
structed a model of his harpsichoid, as he tells us himself, so early as the end of the 
year 1734, and he sfient almost the icniuinder of his life, till the time of his death, 
w'hieh took place in 1757, in completing bis instrument, but without success. This 
harpsichord, eonstriieted at a great expense, as we are told by tlie author of his life, 
neither answered the author’s intention, nor the expectation of the public. And 
indeed if there be any analogy between colours and sounds, they differ in 
so many other points, that it needs excite no wonder that this project should 
miscarry. 


PROBLEM Lin. 

To compose a table repi esenting all the Colours ; and to determine their number. 

Though Newton has proved the homogeneity of the colours into which the solar 
rays are decomposed, and the orange, green, and purple produced by this decomposi- 
tion are no less unalterable, by farther refraction, than the red, yellow, and blue; it 
ishowevei well known that with the three latter, the three former, and all the other 
colours of nature, can be imitated : for red combined with yellow, in different pro- 
portions, gives all the shades of orange ; yellow and blue produce pure greens ; red and 
blue violets, purples andiridigoes ; in a word the different combinations of these com- 
pound colours, give birth to all the rest. On these principles is founded the invention 
of the chromatic triangle, which serves to represent them. 
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Construct an equilateral 
triangle, as seen Fig. 58, and 
divide the two sides adjacent 
to the vertical angle into 13 
equal parts: if pat allel lines 
be then drawn through the 
points of division, in each 
side, they will form 91 equal 
rhombuses. 

In the three angular 
rhombs place the three pii- 
fiiitive colours, red, yellow, 
and blue, having an equal 
degree of strength, and as 
we may say of concentra- 
tion ; consequently, between 
the yellow and blue, there 
will be le/t 11 rhomboidal 
cells, which must be tilled 
up in the following manner : 
in that nearest the yellow 
put 11 paitb of yellow and one of red ; in the next, 10 parts of yellow and 2 of red ; 
&.C. ; so that in the cell nearest the red, there will be 1 part of yellow and 1 1 of red ; 
by these means w’e shall have all the shades of orange, from the one nearest red to 
that nearest yellow. By filling up, in like manner, the intermediate cells between 
red and blue, and between blue and yellow, the result will be all the shades of pur- 
ple, and all those oi green, in a similar gradation. 

To fill up the other cells, let us take lor example those of the third row below 
red, where there aie three cells. The two extreme cells being filled up on the one 
side with a combmation of 10 parts of red and 2 of yellow, and on the other with a 
combination of 10 parts of red and 2 of blue, the middle cell will be composed of 10 
parts of red, 1 of blue, and 1 of yellow. 

In the band immediately below, we shall have, for the same reason, in the first 
cell towards the yellow, 9 parts of red and 3 of yellow ; in the next, 9 parts of red, 
2 of yellow, and 1 of blue ; in the third, 9 parts of red, I of yellow, and 2 of blue ; 
in the fourth, 9 parts of red, and 3 of blue ; and the case will be similar in regard 
to the lower bands i but we shall here content ourselves with detailing the colours 
in the last except one, or that above the band containing the gicens, the cells of which 
must be filled up as follows: In 

The Ist on the left, 11 parts yellow and 1 red. 

The 2d, 10 parts yellow, 1 red, 1 blue. 

The 3d, 9 parts yellow, 1 red, 2 blue 

The 4tb, 8 parts yellow, red, 3 blue. 

The 5th, 7 parts yellow, red, 4 blue. 

The 6th, 6 parts yellow, red, 5 blue. 

The 7th, 5 parts yellow, red, 6 blue. 

The 8th, 4 parts yellow, red, 7 blue. 

The 9th, 3 parts yellow, red, 8 blue. 

The 10th, 2 parts yellow, red, 9 blue. 

The nth, 1 part yellow, red, 10 blue. 

The 12tb, 0 part yellow, red, 1 1 blue. 

This band, as may be seen, contains all the greens of the lowest band into which 
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one part of red has been thrown. In like manner, there will be found in the baud 
parallel to the purples, all the purples with which one part of yellow has been mixed ; 
and in the band parallel and contiguous to the oranges, all the orange colours with 
one part of blue. 

In the central cell of the triangle there ar^ 4 parts of red, 4 of blue, and 4. of 
yellow. 

All these mixtures might be easily made with colours ground exceedingly fine ; and 
if the proper quantities were employed we have no doubt that they would produce 
all the shades of the different colours. But it all the colours of nature, from the 
lightest to the darkest, that is from black to white, be required, we shall find for 
each cell 12 degrees of gradation to white, and 12 others to black. If 91 therefore 
be multiplied by 24, we shall have 2184 perceptible colours; to which if we add 24 
gray«, formed by the combination of pine black and white, and white and black, 
the number of compound colours which we believe to be distinguishable by the 
senses, will amount to 2218. But we ought not perhaps to consider as real colours, 
those formed by the pure colours with black ; for black only obscures, but docs not 
colour. In this case, the real colours, with their shades, from the darkest to the 
lightest, ought to be reduced to 1092, which, with a black, and 12 grays, will form 
1106 colours. 


pnoBi.r.M Liv. 

On the Cause of the Blue Colour of the Shy. 

This is a very remarkable phenomenon, though little attention is paid to it, as our 
eyes are so much accustomed to it from our infancy ; and it would be difficult to 
explain it had not Newton’s theory respecting light, by teaching us that it is decom- 
posed into seven colours, of different degrees of refrangibility and reflexibility, 
afforded us the means of discovering the cause. 

To explain this phenomenon, we shall observe then, that according to Newton’s 
theory, so well proved by experience, of the seven colour? which the solar light pro- 
duces when decomposed by the prism, the blue, indigo, and violet are those easiest 
reflected, when they meet w’ith a medium of different density. But whatever may be 
the trunspareney of the air, that which surrounds our earth, and which constitutes 
our atmosphere, contains always a mixtuie of vapours more or less combined with 
it : hence it happens tha^ the light of the sun and stars, sent back in a hundred 
different ways into the atmosphere, must experience in it numberless inflections and 
reflections.* But as the blue, indigo, and violet rays are those rbiefly sent back to 
us, at each of these icflections, from the minute particles of the vapours which they 
are obliged to pass through, it is nece^'Sary that the midium which sends them back 
should appear to assume a blue tint. This must even be the case if we suppose a 
lioinogencity in the atmosphere; for however homogeneous a transparent medium 
may be, it necessarily reflects a part of the rays of light which pass through it. 
But of all these rays, tlie blue are reflected with the greatest facility; consequently 
the air, even supposing it homogeneous, would assume a blue, or perhaps a violet 
colour 

It is for the same reason that the w'ater of the sea appears of a blue colour when 
very pure, as is the case at a distance from the coasts. When illuminated by the 
sun, a part of the rays enters the water, and another part is reflected ; but the latter 
is composed chiefly of blue rays, and consequently it must appear blue. 

This explanation is confirmed by a curious observation of Dr. Halley. Thi« 
celebrated philosopher having di seended in a diving bell to a considerable depth in 
the sea, while it was illuminated with the sun, w'as much surprised to see the back 
of his hand, which received the direct rays, of a beautiful rose colour, while the 
lower part, which received the reflected rays, was blue. This indeed is what ought 
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to take place, if we suppose that the rays reflected by the surface of the sea, as well 
as by the minute parts of the middle of it, are blue rays. In proportion as the light 
penetrates to a greater depth, it must be more and more deprived of the blue rays, 
and consequently the remainder must incline to red. 

PROBLFM LV. 

Why the Shadows of bodies are sometimes Jdhie^ or Azure coloured, instead of being 

Black, 

It is often observed at sun- rise, during very serene mornings, that the shadows of 
bodies projected on a white ground, at a small distance, are blue or azure coloured. 
This phenomenon appears to us to be sufficiently curious to deserve here a place as 
well as an explanation. 

If the shadow of a body exposed to the sun were absolute, it would be perfectly 
black, since it would be a complete privation of light ; but this does not really take 
place ; for to be so, the field of the heavens ought to be absolutely black ; whereas 
it is blue, or azure coloured, and it is so only because it sends back to us chiefly blue 
rays, as already observed. 

The shadow therefore projected by bodies exposed to the sun, is not a pure shadow, 
but is itself illuminated by that whole part of the sky not occupied by the luminous 
body. This part of the heaven being blue, the shadow is softened by the blue or 
azure coloured rays, and consequently must appear of that colour. It is exactly in 
the same manner that in painting, reflections arc tinted with the colour of the sur- 
rounding bodies. The shadow which we here examine, is nothing else than a shadow 
mixed with the reflection of a blue body, and thcrcfoie it must participate in that 
colour. 

It is well known that this phenomenon was first obsei ved and ex))lained by BulTon. 

But it may here be asked, why arc not all shadows blue ? In reply to this question, 
we shall observe, that to produce this effect, the concurrence of several circumstances 
are necessary. Ist. A. very pure sky, and of a very dark blue colour ; for if the heavens 
be interspersed with light clouds, the rays reflected from them, falling on the bluish 
shadow, will destroy its effect; if the blue be weak, as is often the case, the quan. 
tity of the blue rays will not be sufficient to enlighten the shadow. 2d. The light of 
the sun must be livelier than it usually is when that luminary is near the horizon, in 
order that the shadows may be full and strong. But these circumstances arc rarely 
united. Besides, the sun must be only at a small elevation above the horizon ; for 
even when at a moderate altitude there is too much splendour in the atmosphere, 
to allow the blue rays to be sensible. This light renders the shadows less strong, 
but does not tinge it blue. 


PROBLLM lAI. 

Experiment on Colours. 

Hold before your eyes two glasses of different colours, suppose the one blue and 
the other red : and having placed yourself at a proper distaiu’e from a candle, if you 
shut one of your eyes, and look at the light with the other, that for example 
before which the blue glass is held, the light will appear blue. If you next shut 
this eye and open the other, the flame will appear red ; and if you then open them 
both, you will see it of a bright violet colour. 

Every person almost, in our opinion, must have foreseen the success of this expe- 
riment ; which we have mentioned merely because an oculist of Lyons, M. Janin, 
thought he could deduce from it a particular consequence ; which is, that the retina 
may perform the part of a concave mirror, and reflect the rays of light, so that each 
eye forms at a certain distance an aerial image of the object. Both eyes forming 
each an image afterwards in the same place, the result is a double image, one blue 
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and the other red, which by their union produce a violet image, in the same manner 
as when red and blue rays are mixed together. But this explanation will certainly 
not bear to be examined according to the true principles of optics. How is it possible 
to conceive that such an image can be formed by the retina ? Is it not more probable, 
and more agreeable to the well known phenomena of vision, that from the two im- 
pressions received by the two eyes, there is produced, in the common ftensoriumj or in 
the place where the optic nerves are united in the brain, one compound impression ? 
In this experiment therefore the same thing must take place, as when a person looks 
at a candle with one eye, through two glasses, the one red and the other blue. In 
this case the flame will be seen of a violet colour, and consequently it must have the 
same appearance in the former 


PROBLEM LVir. 

Method of constructing a Photophorus^ very convenient to illuminate a table where a 
person is reading ot writing. 

Construct a cone of tin-plate, 4} inches in diameter at the base, and 7j inches in 
height, measured on the slant side ; which may be easily done by cutting from a circle, 
of 7^ inches radius, a sector of lOOJ degrees, and bending it into the form of a cone. Then 
through a point in the axis, 2} inches distant from the summit, cut off the upper part 
of the cone by a pl.uie inclined to one of its sides at an angle of 43'*. The result will 
be an elongated elliptical section, which must be placed before a candle or other light, 
as near to it as po«8ihlc, the plane of the section being vertical, and the greatest 
diameter in a perpendicular direction. When disposed in this manner, if th ‘ flame 
of the candle or lamp he raised 1*2 or 18 inches above the plane of (he table, you will 
be astonished to sec the vivacity and uniformity of the light which it will project over 
an extent of 4 or 5 feet in length. 

M. Lambert, the inventor of this apparatus, observes that it may be used with 
great advantage to those who read in bed ; for by placing a lamp or taper furnished 
with this photophorus upon a pretty high stand, at the distance of 5, 6, or 8 feet, 
from the bed, it will afford a sufficiency of light without any danger. He says he tried 
this apparatus also in the street, by placing a lamp furnished with it in a window 
raised 15 feet above the pavement, and that its effect was so great, that at the dis- 
tance of no feet, a bit of straw could be distinguished much better than by moon 
light, and that writing could be read at the distance of 85 or 40 feet A few of these 
machines, placed on each side of a street, and arranged, in a diagonal form, would 
consequently light it much better than any ot the means hitlierto employed. See 
Memoires de V Academic de Bethn, ana. 1770. 

PIlOBLim LVIIJ. 

The place of an object, such for eramjde as of a piece of paper on a table, beins given , 
and that of a candle destined to throw light upon it; to determine the heij>hi at 
which the candle must he placed, in order that the object may be illuminated the most 
possible. 

That we may exclude from this problem several considerations, which would 
render the solution of it very difficult, we shall suppose the object destined to be 
illuminated to be very small, or that it is only required that the middle of it shall 
be illuminated as much as possible. We shall suppose also that the light is entirely 
concentrated into one point, where the splendor of all its diffeicnt parts is united. 

But it is well known that the light diffused by a luminous point, over any sur- 
face which it illuminates, decreases, the angle being the same, in the inverse ratio 
of the square of the distance ; and that when the angle of inclination varies, it is 
as the sine of that angle. Hence it follows that it decreases in the compound 
ratio of the square of the distance taken inversely, and tl\e sine of the angle of inclt- 
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nation taken directly. To solve this problem^ then, we must find that height of the 
luminous point in the given perpendicular, which will render this ratio the greatest 
possible. 

But it will be found that this ratio is greatest when the perpendicular height, and 
the distance of the object to be illuminated from the bottom of the candle, are to 
each other as the side of a square is to the diagonal. On this given and invaiiable 
distance as hypothenuse, if a right-angled isosceles triangle be therefore described, 
the side of this triangle will be the height at which, if the flame of the candle be 
placed, the given point or centre of the paper will be illuminated in the highest de- 
gree possible. 

On this subject, the following problem, which is of a similar nature, might also be 
proposed : 

Two candles of unequal height y placed at the extremities of a horizontal /me, being 
given ; to find in that line a point so situated, that the object plated in it shall he 
illuminated the most possible f 

But we shall not give the solution, that our readers may exercise their own inge- 
nuity in discovering it. 


rnonLLM Li'f. 

On the Proportion which the Light of the Moon bears to that of the Sun. 

This is a very curious problem : but it is only within these few years that philoso- 
phers began to turn their attention to the principles, and means, which can lead to 
the solution of it. We are indebted for them to M. Bouguer, who has ex])lained 
them in his “Treatise on the Gradation of Light;’* a work that contains many 
curious particulars, a few of which we shall here extract. 

To obtain this measure of the intensity of light, M. Bouguer sets out with a 
fact, founded on experience, which is, that the eye judges pretty exactly by habit, 
whether two similar and equal surfaces are equally illuminated. Nothing then is 
necessary, but to place it unequal distances two unequal lights, or by means of concave 
glasses, the focal distances of which are unequal, to make them be unequally dilated, 
so that the surfaces which are illuminated by them shall appear to be so in an equal 
degree. The rest depends merely on calculation : for if two lights, one of which is 
four times nearer than the other, illuminate equally two similar surfaces, it is evident 
that, as the degrees of illumination of the same light decrease in the inverse ratio 
of the squares of the distances, we ought to conclude that the splendour of the first 
light is sixteen times as great as that of the second. In like manner, if a light dilated 
into a circular space, double in diameter, illuminates as much as another direct light, 
there is reason to conclude that the former is quadruple the second. 

By employing these means, M. Bouguer found that the light of the sun diminished 
11664 times was equal to that of a flambeau, which illuminates a surface at the 
distance of 16 inches ; and that the same flambeau illuminating a similar surface, at the 
distance of 50 feet, gave it the same light as that of the moon, when diminished 64 
times. By compounding these two ratios he concludes, that the light of the sun it 
to that of the moon, at their mean distances and at the same altitude, as 256289 to 
1 ; that is to say 250,000 times greater. From some other experiments, he is even 
inclined to think, that the light of the moon is only equal to the 300,000th part 
of that of the sun. 

The result of a celebrated experiment, made by Couplet and La Hire, two acade- 
micians of Paris, needs therefore excite no surprise. These two philosophers col- 
lected the lunar rays by means of the burning mirror at the Observatory, which is 
35 inches in diameter, an'd made the focus fall on the bulb of a thermometer, but no 
motion was produced in the Hquor. And indeed this ought to be the case, for if we 
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suppose a mirror like the above, which collects the rays that fall on its surface into a 
space 1200 or 1400 times less, the heat thence resulting will be 12(X) or 1400 times 
greater ; but, on account of the dispersion of the rays, it will be sufficient to suppose 
this light to be a thousand times denser than the direct light, and the heat in proper, 
tion. A mirror of this kind then, by collecting the lunar rays, would produce in its 
focus a heat 1000 times greater than that of the moon. If 300,000 therefore 
be divided by 1000, we shall have for quotient 300, which expresses the ratio 
of the direct solar heat to that of the moon thus condensed. But a beat 300 times 
leas than the direct heat of the sun is not capable of producing any effect on the 
liquor in the thermometer. This fict then is far from being incx()licable, as we are 
told by the author of the “ History of the Progress of the Human Mind in Philo- 
sophy,”* for it is a necessary consequence of Bouguer’s calculations, which this 
writer no doubt overlooked. 

We shall, in the last place, observe, that Bouguer found, by a mean calculation, 
that the splendour of the sun, when on the horizon, supposing the sky to be free from 
clouds or fog, is about 2000 times less than when elevated 66°. The case ought to be 
the same also with the light of the moon. 

PROni.KM LX. 

OJ certain Optical lllusiona, 

T. If you take a seal with a cipher cngiavcd on it, and view it through a convex 
glass of an inch or more focal distance, the cijdicr or engraving will be seen sunk in 
the stone as it really is ; but if you continue to look at il, without changing your 
Mtuaiion, you will soon see it in relief; and by still continuing to look at it, you 
will see it once more sunk, and then again in relief. Sometimes, after having dis- 
continued to look at it, instead of seeing it sunk, it will appeal in relief ; it will then 
appear sunk, and so on. When the side of the light is changed, this generally causes 
a change in the appearance. 

Some have taken a good deal of pains to discover the cause of this illusion ; which 
in our opinion may be explained without much difficulty. When an object is viewed 
with a lens of a short focal distance, amf consequently with one eye, W'e judge very 
impel fcctly of the distance, and the imagination lias a great share in that assigned 
to the image which we perceive. On the other hand, the position of the shadow can 
never serve to rectify the judgment formed of it : for if the engraving is hollow, and 
if the light comes from the right, the shadow is on the liglit ; it is also on the right 
if the engraving is in relief, and if the light comes from the left. But when an 
engraved stone is attentively viewed with a magnifying glass, w'e do not pay atten- 
tion to the side from which the light proceeds. Here then, every thing, as vve may 
say, is ambiguous and uncertain; consequently it is not surprising that the organ of 
siglit should form an undecisive and continually variable judgment; but wc are 
fully persuaded that an experienced eye will not fall into these variations. 

The same phenomenon is not oliserved when the experiment is performed with 
a piece of money. The reason of this probably is, that we are accustomed to handle 
such pieces, and to see the figures on them in relief, which does not iiermit the 
mind to form, in consequence of the image painted in the eye, any other idea than 
that which it always has had on seeing a piece of money, viz. that of figures in 
relief, 

II. If a glass decanter, half fiilled with water, be presented to a concave mirror, 
and at a proper distance, that is to say between the centre and the focus, it will be 
seen inverted before the mirror. But it is very singular, in regard to many persons, 
though it is not general, that they imagine they see the water in the half of the bottle 

* Saverien Histoiro du Progres de P Esprit hutuain dans le« Sciences ph^siqut s. 
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next tbe neck, which is turned downwards. For our part, we are of opinion that 
the cause why some think they see the water in this situation, arises from their know- 
ing by experience that if a bottle half filled with water be inverted, the fluid will 
descend into the lower part, or that next the neck. 

Another cause concurs to make us judge in this manner. When a decanter is half 
full of very pure water, each half is as transparent as the other, and the pie- 
sence of the water is perceived only by the reflection of the light which takes place 
at its surface ; but in the inverted image this surface reflects the li^ht below, and 
even with the same force ; by which means we are led to conclude that the fluid 
is at the bottom. 

This subject may be farther exemplified as follows : 

Take a glass bottle ; fill it partly with W'atcr, and cork it in the usual way : 
p'ace this bottle opposite a concave mirror, and be} mid its focus, that it may 
appear reversed : tlieii place yourself still farther distant than the bottle, and this 
will be seen inverted in the air, and the water, which 
is really in the lower part of the bottle, will appear 
to be in the upper. (See Fig. 51). 00.) If the bottle 
be inveited while it is before the mirror, the image 
will appeal in its natural erect position, and the water 
W'ill appear in the lower part of the bottle. While it 
is in this inverted stale, uncork the bottle, then while 
the water is running out the image is filling. But as 
soon as the bottle is empty, the illusion ceases. The 
illusion also cea^-es W'hen the bottle is quite lull. 

The remarkable circum tances in this expeiiment are, 1st. Not only to sim an 
object where it is not, but also wdicre its image is not. 2d. That of two objects 
which are really in the same place, as the surface of theboMle and the w’atei i( con- 
tains, the one is seen in one place, and the other in nnotlier, Kc. It is conceived that 
this illusion arises, partly fiom our not being aecustointd to s<‘e water suspended in 
a bottle with the neck downward, and partly fiom the icKunhlaiict there is between 
tbe colour of water and the air. 

Additional Amusements and Experiments with Concave as described by 

Mr. Adams^ Mr. Jones j ^'c. 

1. Placing yourself before a concave mirror, but farther fiom it than the centre, 
you will see an inverted image of yourself, but smaller, in the air between you and 
the mirror: bolding out vour hand towards the mirror, the hand of the image will 
come out towards your hand, and when at the centre of concavity, be of an equal 
size with it; and you may as it were shake hands with this aiTial image. (h\ ad- 
vancing your hand farther, the hand of the image passes by }our hand, and comes 
between it and your body ; on moving your hand towards one side, the hand of the 
image moves towards the other, the image moving always contrariwise to the obicct. 
All this while, the bye-standers see nothing of the image, because none of the reflected 
rays which form it enter their eyes. To render this effect move surprising, and more 
vivid, the mirror is often concealed in a box, after the manner as w^e shall shew pre- 
sently. In fact, the appearance of the image in the air, between the object and the 
mirror, has been productive of many agreeable deceptions, which, when exhibited 
with art and an air of mystery, have been very successful, and the source of emolu- 
ment to many of our public showmen. In this manner they have exhibited the 
images of animated and other objects, in such a w^ay, as to surpp&c the ignorant, and 
please the scientific, or better informed. 

2. Mr. Ferguson mentions two pleasing experiments to he made with a concave 
mirror, which may be easily tried. If a fire be made in a large room, and a smooth. 
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well -polished muhogaiiy table be placed at a good distance, near the wall, before a 
large concave mirror, so that the light of the fire may be reflected from the mirror 
to its focus on the table ; if you stand by the table, you will see nothing but a long 
beam of light ; but if you stand at some distance, as towards the fire, you will sec, 
on the table, an image of the fire, large and erect : and if another person, who knows 
nothing of the matter before hand, should chance to enter the room, he will he 
startled at the appearance, for the table will seem to be on fire, and being near the 
\vainscot, to endanger the whole house. For the better deception, there ought to 
be no light in the room but what proceeds from the fire. 

3. If the fire be darkened by a screen, and a large candle be placed at the back 
of the screen ; then a person standing by the candle will sec the appeal ance of a fine 
large star, or rather planet, on the table, us large as Jupiter or Venus ; and if a small 
wax taper be placed near the candle, it will appear as a satellite to the planet ; 
if the taper be moved round the candle, the satellite will be seen to go round the 
planet. 


Fi9> fil. No. 1. 
F 



No, 2. <2SSS 


The Dioptrical Paradox, or Optical Deception. 

Fig. 61. No. 1. represents the dioptrical paradox. It consists 
of a mahogany base a b CD, about eight inches square, with a 
groove, in which slides vaiious coloured prints, or ornamental 
drawings: and connected with the ba«e are, a jiillai n, a hori- 
zontal bar F, W'ith a perspective g, which is placed exactly over 
the centre of the base, and containing a glass of a particular 
form. The curious and surprising efifect of this instrument is, 
that an ace of diamonds, in the centre of one of the drawings, 
when placed on the base, shall thiough the persfiectivo g be 
actually represented as the ace of clubs; a figure of a cat in another, seen as an owl; 
a letter a, as an o; and a variety of others equally astonishing. 

The piineiple of this machine is very simple, and is as follows. The glass in the 
tube < 1 , which produces this change, is somewhat on the principle of the common 
n-ultiplying gld'^s, and is represented at Fig. 61. No. 2. The only dinfeience is, that 
i.s sides fire flat, and diverging from its hexagonal ba-c upwards, to a point in the 
a\is of the glass, like a pyramid, each side foiming an isosceles triangle. Its dis- 
tance from tbe eye is to be so adjusted, that each angular side, by its refractive 
power on tbe ra>s of light coming fioni tbe border of the print, and such a portion 
designedly tbeie placed, will refiact to the eye the various parts as one entile figure 
to be represented ; the shape of the glass preventing any appearance of the original 
figure in tbe centre, such as the ace of diamonds being seen : so that the ace of clubs 
being previously and mechanically drawn on the circle of refraction, 
at SIX different parts of the border, 1,2, 3, 4,5, 6, (Fig. 62.), and 
artfully disguised there by blending them with it ; then the glass in 
the tube g will change, in appearance, the ace of diamonds into the 
acc of clubs. And in like manner for the other prints. 


Fig. 62. 



Fig. 63. 



5. The Optical Paradox. 

Fig. 63 is a representation of the double perspective, or 
optical paradox. One of the perspectives of the instrument 
being placed before tbe eye, an object will be seen directly 
through both. A board a, or any opake object, being 
interposed, will not make tbe least obstruction to the rays ; 
and the observer will be surprised that he sees through a 
perspective having tbe property of penetrating as it were 
either solid metal or wood. 
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The artifice in this instrument consists chiefly in four small plane mirrors, a, h, c, d, 
of which a and d are placed at an angle of 45 degrees in the two perspectives, and 6 
and c parallel to them in the trunk below ; this being so formed as to appear only as 
a solid handle to the two perspectives. It is hence obvious that, on the principle 
of catoptrics, the object t, falling on the first mirror d, will be reflected down to c, 
thence to 5, then up to a, and so out to the eye, giving the appearance of the straight 

6. The Endless Gallery. 

Fig. 64, represents a box, about 18 inches in length, 
12 in width, and 9 d^*cp, or any others that are 
neaily in the same proportions. Against each of its 
opposite ends a and b within place a plane true-ground 
glass miiror, as free fiom veins as possible, of the di- 
. mens^ons nearly equal to the laces, only allowing a 
small space for a transparent papci. orothci cov(*r, at 
top. From the middle of the mirror r, placed atn, lake off neatly a round surlucc 
of the silvering, about an inch and half in diameter, against vvhieh, in the end of 
the box, must be eut a hole of the same size, or less. The top of the box should be 
of glass, covered with gauze, or of oiled transparent paper, to admit .as much light 
as possible into the box. On the two longer sides wdthin must he cut or pl iced two 
grooves, at E and i', to leeeive various drainings or paintings. Indeed many grooves 
may be eut in the sides, for the reception of a vaiicty of objects. 'IVo paintings or 
good drawings, of any perspective «uhjcct, must he made on the two opposite 
faces of a pasteboard, sueh as a foiest, gardens, colonnades, &c. ; after having 
rut the blank parts neatly out, place them in the tw’O grooves, e, f, of the box. 
Take also two other hoards, of the same d’lnensions, painted on one side only with 
similar suhjeets, to he placed at the opposite ends v and d ; observing that the one 
which is to be placed against c should hu\e nothing drawn there to prevent the 
sight, and that the other, for the opposite end d, should also not he very full of 
figures, that after being neatly eut out, and placed agiiinst the glass, it may rover 
but a small part of it. The top being then closed over with its transparent rover, 
the instrument is ready for use. 

The effect is very striking and entertaining. The eye, being applied to the bole 
r, will see the vin'ic us objects drawn on the scenes reflected in a successive and end- 
less manner, by being reflected alternately from each miiror to tlmt which is opposite. 
As for instance, if they he trees, the> wdll appear an entire giove, veiy long, seem- 
ingly without end; each mirror repeating the ohjeets more family, as the reflections 
are more numerous, and «io coiitrihuling still more to f he illusion. 

Ingenuity will suggest a variety of amusing figures, of men, w^omen, &c., to 
increase the effect. And tw'o minors may also he placed on the longer sides, to con- 
vey an idea of great breadth, as well as length. 


lineal direction a d. 

Fig. 64. 


B 



7. 7'he Eenl Apparition, 


Fig. 65. 



Behind a partition A b, (Fig. 65), place somewhat 
inclined a concave mirror e r, which must he at 
least 10 inches in diameter, and its distance equal to 
three- fourths from its centre. In the partition is cut 
a square or circular opening, of 7 or 8 inches in dia- 
mctei, directly opposite to the mirror. Behind this 
a strong light is so disposed as to illuminate strongly 
an object placed at c, without shining on the mirror, 
and without being seen at the opening. Beneath the 
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aperture, and behind the screen is placed any object at c, which is intended to be 
r(3 presell ted, but in an inverted position, which may be either a flower, or figure, or 
picture, &c. Before the partition, and below the aperture, place a flowerpot d, or 
other pedestal suitable to the object c, so as the top may be even with the bottom 
of the aperture, and that the eye placed at G may see the flower in the same position as if 
its stalk came out of the pot. The space between the mirror and the back part of 
the partition being painted black, to prevent any extraneous light being reflected on 
the mirror ; and indeed the whole disposed so as to be as little enlightened as 
possible. — Then n person placed at c will perceive the flower, or other object, placed 
behind the partition, as if standing in the flowerpot or pedestal : but on putting forth 
bis band to pluck it, he will find that he grasps only at a phantom. 

Fig. (50. rt‘presents a different position of the mirror and par- 
Fig. OG. lit ion, and better adapted for exhibiting effect by various ob- 

jc'cts. A no is a thin partition of a room, down to the floor, 
with an aperture for a good convex lens turned outwards into 
the room, nearly in a horizontal direction, proper for viewing 
by the eye of a person standing iipiight from the floor or foot- 
stool, u is a large concave mirror, supported at a proper angle, 
to reflect upwards through the glass in the paitition b, images 
of objects at k, presented towards the minor below. A strong 
light fiom a lamp, &c. being directed on tlie object e, and no where else j then to the 
e>e of a spectator at i, in a darkened room, it is truly surprising and admirable to 
what effect the images arc reflected np info the air at a. 

It is from this arrangement that u showman, both in London and the country, 
excited the people to the surpii c of woiidtrful apparitions of various kinds of ob- 
jects, such as a relative’s features for Ids own, paintuigs of portraits, plaster figures, 
flowers, fruit, a sword, dagger, death’s head, tkc. 

The })henoincua to he produced hy concave mirrors are endless ; what have been 
just described, w’ll be a sufficient specinicii of what might be exhibited to elucidate 
the priiici[)les of that curious machine. 

PROIILEM LX I. 

Is it true that Light is reflected with more Vivacity ftom Air than from Water ? 

This asscition is certainly true, provided it he understood in a proper sense, that 
is as follows : when light tends to pass from air into water, under a certain obliquity, 
such as 30° for example, the latter reflects fewer rays, than when the light tends, 
under the same ineliiiation, to pass fiom the water into air. But what is very siii- 
guhu, if the air were entirelj removed, so as to leave a perfect vacuum in its stead, 
the light, so far from passing with more facility through this vacuum, which could 
oppose no resistance, would experience more difficulty, and more rays would be 
reflected in the passage. 

We do not know why this has been given in the Philosophical Transactions as a 
paradoxical novelty ; for this kind of phenomenon is a necessary consequence of the 
law of refraction. When light indeed passes from a rare medium into a denser, as 
from air into water, the passage is always possible; because the sine of the angle of 
refraction is less than that of the angle of incidence ; that is to say, these sines, in the 
present case, are in the ratio of 3 to 4. But, on the other hand, when light tends 
,to pass obliquely from water into air, the passage under a certain degree of obliquity 
is impossible, because the sine of the angle of refraction is always much greater than 
that of the angle of incidence, their' sines, in this case, being in the ratio of 4 to 8. 
There is therefore a certain obliquity of such a nature, that the sine of the angle 
of 1 efractioii w'oiild be much greater than the radius ; and this will always happen when 
the sine of the angle of incidence is greater, how'ever small the excess, than } of the 
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radius, which corresponds to an angle of 48® 36'. But a sine can never exceed 
radius ; consequently it is impossible, in this case, that the ray of light should pene- 
trate the new medium. Thus while light passes from a rare medium into a denser, 
from air into water for example, under every degree of inclination, there are some 
rays, viz. all those which form with the refracting substance an angle less than 
41® 24', that will not admit of the passage of light from water into air: it is then 
under the necessity of being reflect cd, and refraction is changed into reflection. But 
though light may pims. from water into air, under greater angles of inclination, this 
tendency to be i eflected, or this dlfliculty of proceeding from one medium into another, 
is continued at all these angles, in such a manner, that fewer rays are reflected when they 
tend to pass from air into water under an angle of 60®, than when they tend to pass 
from water into air under the same angle. In the last place, when light tends in a 
perpendicular direction from water into air, it is more reflected than when it tends to 
pass in the same direction from air into water. 

This truth may he proved by a very simple experiment. Fill a bottle nearly two- 
thirds with quicksilver, and fill up the other thiid with water; by which means you 
will have two parallel surfaces, one of water, and the other of quicksilver. If you 
then ['lace a luminous object at a mean height between these two surfaces, and the 
eye on the opposite side at the same height as the object, you will see the object 
through the bottle, and reflected almost with equal vivacity from the surface of the 
quicksilvei, and from that which separates the water and the air. The air then, in 
this case, reflects the light with almost as much vivacity as the quicksilver. 

— Iht. We have reason therefore to conclude, that the suiface of the 
w'atei, lo beings immersed in that fluid, is a much stronger reflecting minoi, than it 
is to those beings wlueli arc in the air. Fishes see themselves much more dis- 
tinctly, and cleaily, when they swim near the surface of the water, than we see 
ourselves in the same suiface. 

2d. Nofhiiig is better calculated than this phenomenon to prove the truth of the 
rca.sons assigned by Newlon for reflection and refiaction. Light passing from a 
dense fluid info a rarer, i'', according to Newton, exactly in the s.ime case as a stone 
thrown obliquely info the air; if we suppose that the power of gravitation does not 
act beyond a determinate distance, such for example as 24 fl‘et ; for it may be de- 
monstrated, that in thi.s case the deviation of the .'-tone would be e.xactly the same, 
and suliject to the same law, as that followed by light in refraction. There wtmld 
also be certain inclinations under which the stone could not jiass from this atmo- 
sphere of gravity, though there w’ere nothing beyond it capable of resisting it, and 
even though there w'cre a perfect vacuum. 

In this ease how’ever w’c must not say, as a certain celebrated man when ex- 
phtiiiing the New’tonian philosophy, that a vacuum reflects light: this is only a mode 
of speaking. To express our ideas correctly, we ought to say that light is sent back 
W’ith greater force to the dense medium, as the medium beyond it is rarer. 

We are far from being satisfied with wdiat is said on this subject in the “ Biction- 
naire dTndustric,’’ into which one may be surprised to sec optical phenomena intro- 
duced ; for it is there asserted, that this phenomenon depends on the impenetrability 
of matter, and the high polish of the reflecting surface. But when light is strongly 
reflected, during its passage from water into a vacuum, or a space almost free fiom 
air, where is the impenetrability of the reflecting substance, since such a space has 
less impenetrability than air or water? In regard to the polish of the reflecting* 
suiface, it is the same, both for the ray which passes from air into water, and that 
which* passes from water into air. 
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PROBLEM LXri. 

Account of a Phenomenon t either not observed,' or hitherto neglected by Philo-* 

sophers. 

If you hold your finger in a perpendicular direction very near your eye, that is to 
say, at the distance ot a few inches at most, and look at a candle in such a manner 
that the edge of your finger shall appear to be very near the fiame, you will see the 
border of the fiame coloured red. If you then move the edge of your finger before 
the flame, so as to suffer only the other border of it to be seen, this border will ap- 
pear tinged with blue, while the edge of your finger will be coloured red. 

if the same experiment be tiled with an opakc body surrounded by a luminous 
medium, such for example as the upright bar of a sash window, the colours will 
appear in a contrary order. When a thread of light only remains between your 
finger and the bar, the edge of the finger will be tinged with red, and the edge next 
the bar will be bordeied with blue ; but when you bring the edge of your finger near 
the second edge of the bai, so that it shall be entirely concealed, this second edge 
will be tinged ed, and the edge of the finger would doubtless appear to be coloured 
blue, were it possible that this dark colour could be seen on an obscure and brown 
ground. 

This phenomenon depends no doubt on the different refrangibility of light; but a 
proper explanation of it has never yet been given. 

PROBLEM LXIII. 

Of some curious Phenomena in regard to Colours and Vision. 

I. 'When the window is strongly illuminated with the light of the day, look at it 
stiadily and with attention for some iniiuitcs, or until >oui e>es become a little 
fatigued; if }ou tlieii -hut }our c}es, you will see in >our eye a repreaentation 
of tile sqnaics wlueh >ou looked at; but the place of the bars will be luminous and 
while, while that of the p<ines will be black and obscure. It )ou then place your 
hand before jour tjes, in such a niaiincr as absolutely to iutereept the remainder 
of the light which the eje-l ds suffer to pass, the pheiioniciion will be changed; for 
the squares will then appeal luruiuous, and the bars black : if you remove )our hand, 
the panes wmH be blaek again, and the place of the bars luminous. 

II. If jou look steadily and with attention for some time at a luminous body, 
such as the sunl when you direct yoiir sight to other objects in a place \^‘ry much 
illuminaled, you will observe there a black spot ; a little less light will make the 
spot a})pear blue, and a degret* slilflcss will make it become purple: in a place abso- 
lutely daik, this spot, which you have at the bottom of your eye, will become lu- 
minous. 

III. If you look for a long time, and till you are somewhat fatigued, at a printed 
book thiough gieen glasses; on removing the glasses, the paper of the book will 
appear reddish . but it jou look at a book in the same manner, through red glasses; 
when you lay aside the glasses, the paper of the book will appear greenish.* 

IV. If you look with attention at a blight red spot on a white giound, as a red 
wafer on a piece of white paper, you will see, after some time, a blue border around 
the wafer; if you then turn your eye from the wafer to the whitepaper, you will see 
a round spot of delicate green, inclining to blue, which will continue longer accord- 
ing to the time you have looked at the red object, and according as its splendour 
and brightness have been greater. On diieeting your eyes to other objects, this 
impression will gradually become weaker, and at length disappear. 

If, instead of a red wafer, j(mi look at a yellow one ; on turning your eye to the 
white ground you will observe a blue spot. 

A giccn wafer on a while ground, viewed in the same manner, will produce in 
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Ihe eye a spot of a pale purple colour : a blue wafer will produce a spot of a pale 
red. 

Ill the last place, if a black wafer on a white ground be viewed in the same man- 
ner, after looking at it for some time with attention, you will observe a white bor- 
der form itself around the wafer ; ami if you then turn your eye to the white ground, 
you will observe a spot of a brighter white than the ground, and well defined. When 
you look at a white spot oii a black ground, the case will be reversed. 

In these experiments, red is opposed to green, and produces it, as green produces 
red ; blue ami ydlovv are aUo opposed, and produce each other; and the case is the 
same with black and white, which evidently indicates a constant effect depending 
on theoiganizntion of the e}e. 

This is what is called the Accidental colours^ an object first considered by Dr. 
Juriii, whicli Butfoii afterwards extended, and respecting which he transmitted a 
memoir in 1743 to the Royal Academy of Sciences. This celebrated man gave no 
explanation of these phenomena, and only observed that, tbough certain in regard to 
the correctness of his cxiieiiinents, the consequences did not appear to be so well 
established as to admit of his forming an opinion on the production of these colours. 
There is reason however to believe that he would have explained the cause, had he 
not been prevented by other occupations. But this deficiency has been supplied by 
Dr. Godard of Montpellier; for the exjilanation which he has given of these pheno- 
mena, and several others of the same kind, in the “Journal de Physique ’* for May 
and July 1770, seems to be perfectly satisfactory. 

PROBLKM LXIV. 

To determine how long the Sensation of Light remains in the Eye, 

The following phenomenon, which depends on this duiation, is w’ell known. If 
a fiery stick be moved round in a circular manner, with a motion sufficiently rapid, 
you will pciceive a ciich' of fire. It is evident that this appearance arises merely 
from the vibration impiessed on the fibres of the retina not being obliterated, when 
the image of the fiery end of the stick again passes over the same fibres; and there.- 
tore, though it is probable that there is only one point of light on the retina, you 
every moment receive the same sensation as if the luminous point left a continued 
trace. 

But it has been found, by calculating the velocity of aluminous body put in motion, 
that when it makes its revolution in more than 8 thirds, the string of fire is inter- 
rupted ; artd hence there is reason to conclude, that the impression made on the fibre 
continues dining that interval ot lime. But it may be asked whether this time is the 
same for every kind of light, whatever be its intensity ? We do not think it is ; 
for a brighter light must excite a livelier and more durable impression. 

This affection of the eye has been used by Dr. Paris 
in constructing a toy called the Thaumatrope, It is 
shewn in Fig. 67., where a b is a circle cut out of card, 
and having two strings c d, fixed to it, by twisting 
which with the finger and thumb of each hand it may be 
twirled round rather rapidly. On one side of the coid 
there is drawn any object, as a chariot, and on the other 
a charioteer in the attitude of driving,— so that when the 
cord is twisted round, the charioteer is seen driving the 
chariot as in the figure, — in consequence of the dura- 
tion of the impressions of sight on the retina, we see 
at once what is drawn on both sides of the card. 


Fig, 67. 
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SUPPLEMENT, 

^ONTAlNI^G A SHORT ACCOUNT OF THE MOST CURIOUS 
MICROSCOPICAL OBSERVATIONS. 

l^HiLosopnKHs were no sooner in possession of the microscope, than they began to 
employ this wonderful instrument in examining the structure of bodies, which, in con- 
st'qiience of their minuteness, had before eluded their observation. There is 
scaieely an object in nature to which the microscope has not been applied ; and seve- 
ral have exhibited such a spectacle as no one could have ever imagined. What 
indeed could be more unexpected than the animals or moleculae (for philosophers 
are not yet agreed in regard to their animality) which are seen swimming in vinegai, 
in the infusions of plants, and in the semen of animals? What can be more curious 
than the mechanism in the organs of the greater part of insects, and particularly those 
which in general escape oui notice ; such as the eyes, trunks, feelers, terebrae or 
augres, &c. ’ What more worthy of admiration than the composition of the blood, 
the elements of which we are enabled to perceive by means of the microscope ; the 
textuie of the epidermis, the structure of the lichen, that of mouldiness, 8ec. ? We 
shall here take a view of the principal of these phenomena, and give a short account 
ol the most curious observations of this kind. 

1 . — Of the Animnh^ or Pretended AnimaU^ in Vinegar and the infusions of Plants. 

1st. Leave vinegar exposed for some days to the air, and then place a drop of it on 
the transparent object plate of the microscope, whether single or compound; if the 
object-jdute he illuminated from below, you will observe, in this drop of liquor, ani- 
mals resemiiliiig small eels, which are in continual motion. On account of the 
circumvolutions which tliey make with their long, slender bodies, they may he 
justly compared to small serpents. 

But it would be wrong, ns many simple people have done, to ascribe the acidity of 
vinegar to the action of these animalcules, whether real or supposed, on the tongue 
and the organs of taste ; for vinegar deprived of them is equally acid, if not more so. 
These eels indeed, or serpents, arc never seen but in vinegar which, having been for 
some time ox|){)sed to the air, is heginning to pass from acidity to putrefaction. 

‘2d. If yoft infuse pepper, slightly bruised, in pure water for some days, and then 
expose a drop of it to the microscope, you will behold small animals of another kind, 
almost without number. They are of a moderately oblong, elliptical form, and are 
seen in continual motion, going backwards and forwards in all directions ; turning 
aside when they meet each other, or when their passage is stopped by any immove- 
able mass. Some of them are observed sometimes to lengthen themselves, in order 
to pass through a narrow space. Certain authors of a lively imagination, it would 
appear, even pretend to have seen them copulate, and bring forth j but this assertion 
we are not hound to believe. 

If other vegetable bodies be infused in water, you will see animalcules of a diffe- 
rent shape. In certain infusions they are of an oval form, with a small bill, and a 
long tail ; in others they have a lengthened shape like lizards ; in some they exhibit 
the appearance of certain caterpillars, or worms, armed with long bristles ; and some 
devour, or seem to devour, their companions. 

When the drop in which they swim about, and which to them is like a capacious 
basin, becomes diminished by the effect of evaporation, they gradually retire towards 
the middle, where they accumulate themselves, and at length perish, when entirely 
deprived of moisture. They then appear to be in great distress ; writhe their bodies, 
and endeavour to escape fiom death, or that slate of uneasiness which they experience. 
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In general, they have a strong aversion to saline or acid liquors. If a small quantity 
of vitriolic acid be put into a drop of infusion which swarms with these insects, they 
immediately throw theinsclv(‘8 on their backs and expire; sometimes losing their 
skin, which bursts, and suffers to escape a quantity ot small globules that may be 
often seen through their transparent skin. The case is the same if a little urine be 
thrown into the infusion. 

A question here naturally arises : ought these moveable molccula*to be considered 
as animals? On this subject opinions are divided. Biiffon thinks they are not ani- 
mals ; and consigns them, as well as spermatic animals, to the class of certain bodies 
which he calls organic moleculcp. But what is meant by the expression organic inole- 
cul® ? As this question would require too long discussion, we must refer the reader 
to the Natural History of that learned and celebrated writer, 

Needham also contests the animality of these small bodies, that is to say perfect 
animality, which consists in feeding, increasing in size, multiplying, and being 
endowed with spontaneous motion ; but he allows them a sort of obscure vitality, 
and from all his observations he deduces consequences on which he has founded a 
very singular system. He is of opinion that vegetable matter tends to animalise 
itself. As the eels produced in flour paste act a conspicuous part in the system of 
this naturalist, a celebrated writer has omitted no opportunity of ridiculing his ideas, 
by calling these animals the cels of the Jesuit Needham, and representing him as a 
partisan of spontaneous genciation, which has beeir justly exploded by all the modern 
philosophers. But ridicule is not reasoning; wc are so little acquainted with the 
boundaries between the vegetable and animal kingdoms, that it would be presuming 
too much to fix them. But it must be allowed that Needham's ideas on this subject 
are so obscure, that in our opinion few have been able to comprehend them. 

Other naturalists and obsorvcis assert the animality of these small beings : for they 
ask, by what can an aiii.ual be better cbaracterised than spontaneity of motion ? 
Bui these nmlcculu', when they meet each other in the course of their movements, 
retire backwards, not by the effect of a shock, as two elastic bodies would do; but 
the part which is generally foremost turns aside on the approach of the body that 
meets it ; and sometimes both move a little from their direction, in order to avoid 
lUTiiiing against each other. They have never yet indeed been seen for certain to 
copulate, to produce Cj^gs, or even to feed; but the last-mentioned function they 
may perform, without any apparent act, like the greater part of the other animalcules. 
The smallness and strange form of these molcculae can afford no argument against 
their animality. 3’hat of the water polypes is at present no longer doubted, though 
their form is very extraordinary, and perhaps more so than that of the moving molc- 
culae of intusions- Why then should animality be refused to the latter ? 

It might however be replied, in opposition to this supposed similarity, that the 
polype is seen to increase in size, to regenerate itself, in a way indeed vciy different 
from that of the generality of animals, and in particular to feed. The pretended 
microscopic animals do nothing of the kind, and consequently ought not to be ranked 
in the same class. But it must be allowed that this subject is still involved in very 
great obscurity ; and thexefore prudence requires that we should suspend our opinion 
respecting it. 

II . — Of Spermatic Animals, 

Of the microscopic discoveries of the last century, none has made a greater noise 
than that of the moving moleculne observed in the semen of animals, and which arc 
called Spermatic animalcules. This singular discovery was first made and announced 
by the celebrated Lewenhoek, who observed in the human semen a multitude of 
small bodies, most of them with very long slender tails, and in continual motion. 
Ill size they were much less than the smallest grain of sand, and even so minute in 
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some seminal liquors, that a hundred thousand, and even a million of them, were not 
equal to a poppy seed. By another calculation, Lewenhoek has shewn that in the 
milt of a cod-fish there are more animals of this species than human beings on the 
whole surface of the earth. 

Lewenhoek examined also the prolific liquor of a great many animals, both 
quadrupeds and birds, and that even of some insects. In all these he obseived 
nearly the same phenomenon ; and these researches, since repeated by many other 
observers, have given rise to a system in regard to generation, which it is unecessary 
here to explain. 

No one however has made more careful, or more correct, observations on this 
subject than Buffon ; and fi)r this reason we shall give a short view of them. 

This celebrated naturalist, having procured a considerable quantity of semen, 
extracted from the seminal vessels of a man who had perished by a violent death, 
observed in it, when viewed through an excellent microscope, longish filaments, which 
had a kind of vibratory motion, and which appeared to contain in the inside small 
bodies. The semen having assumed a little more fluidity, he saw these filaments 
swell up in some points, and oblong elliptical bodies issue from them ; a part of which 
remained at first attached to the filaments by a very slender long tail. Some time 
after, when 'the semen had acquired a still greater degree of fluidity, the filaments 
disaiipeared, and nothing remained in the liquor but these oval bodies with tails, by 
the extremity of which they seemed attached to the fluid, and on which they 
balanced themselves like a pendulum, having however a progressive motion, though 
slow, and as it weio embairassed by the adhesion of their tails to the fluid; they 
cxhihiled also a sort of heaving motion, which seems to prove that they had not a 
flat base, but tWit their transverse section was nearly round. In about twelve or 
fifteen hours <itter, the liquor having acquired a still greater degree of fluidity, the 
.small moving inolecnhT had lost their tails, and appeared as elliptic bodic.s, moving 
with great vivacity. In short, as the matter became attenuated in a greater degiee, 
they divided thenibelves more and more, so as at length to disappear; oi they were 
precipitated to the bottom of the liquor, and seemed to lose their vitality. 

Bntfon, while viewing these moving moleculaj, once happened to see them file 
off like a regiment, seven by seven, or eight by eight, proceeding always in very 
close bodies towards the same wde. Having endeavoured to dkscover the cause 
of this ajipeaiance, he found that they all proceeded from a mass of filaments 
accumulated In one cornel oi tlie spermatic drop, and which resolved itself suc- 
ccsisively in this manner into small elongated globule.s, all without tails. This cir- 
cumstance reminds us of the singular idea of a naturalist, who observing a similar 
phenomenon in the semen of a lam, thought he could there see the reason of the 
peculiar propensity which sheep have to follow each other, when they march together 
ill a flock. 

Buffon examined, in like manner, the spermatic liquor of various other animals, 
such as the hull, the ram, (kc , and always discovered the same molcculae, w'hich at 
first had tails, and then giadually lost them as the liquor assumed more fluidity. 
Sometimes they seemed to have no tails, even on their first appearance and forma- 
tion. In this respect, Buffon’s observations differ from those of Lewenhoek, who 
always describes these animalcules as having tails, with which he says they seem to 
assist themselves in their movements ; and he adds, that they are seen to twist 
themselves in different diiections. Buffoii’s observations diflTci also from those of the 
Dutch naturalist in another respect, as the latter says that he never could discover 
any trace of these animtilcules m the semen or liquor extracted from the ovaria 
of females ; w^hereas Buffon saw the same moving molecul® in that liquor, but not 
so often, and only under ceitain cireumstaiiccs. 

It appears, fiom what has been said, that many researches still remain to be made 
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in regard to the nature of these moving moleculas ; since two observers so celebrated 
do not agree in all the circumstances of the same fact. 

Nothing of this kind is observed in the other animal fluids, such as the blood, ^ 
lymph, milk, saliva, urine, gall, and chyle ; which seems to indicate that these ani- 
malcules, or living molcculte, act a part in generation. 

III . — Of the Animals or Moving Moleculce in spoiled com. 

This is another microscopic observation, which may justly be considered as one 
of the most singular ; for if we deduce from it all those consequences which some 
authors do, it exhibits an instance of a resurrection, repeated, as we may say, at 
pleasure. 

The disease of corn, which produces this phenomenon, is neither smut nor blight, 
as some authors, for want of a sufTicient knowledge in regard to the specific differ- 
ences of the maladies of grain, have asserted, but what ought properly to be called 
abortion, or rachitis. If a grain of corn, in this state, be opened with caution, it will 
he found filled with a white substance, which readily divides itself into a multitude 
of small, white elongated bodies, like small eels, swelled up in the middle. While 
these moleculae, for we must be allowed as yet to remain neuter in regard to their 
pretended animality, are in this state of dryness, they exhibit no signs of life ; but 
if moi«»tencd with very pure water, they immediately put themselves in motion, and 
shew every mark of animality. If the fluid drop, in which they are placed, be 
suffered to dry, they lose their motion ; but it may be restored to them at pleasure, 
even some months after their apparent death, by immersing them in water. Fon- 
tana, an Italian naturalist, docs not hesitate to consider this phenomenon as a real 
resurrection. If this circumstance should be verified by repeated observations, and 
that also of the Peruvian serpent, which may be restored to life by pliingriig it 
in the mud, its natural element, several months after it has been suffered to dry at 
the end of a rope, our ideas respecting animality may be strangely changed. But 
we must confess that we give very little credit to the latter fact ; though Bouguer, 
who relates it on the authority of Father Guinilla, a Jesuit and a French surgeon, 
docs not entirely disbelieve it. Some other observers, such as Roffredi, pietend to 
have distinguished, in these eel-foymed moleculaj, the aperture of the mouth ; that 
of the female parts of sex, &c. They assert also that they have perceived the 
motion of the young ones contained in the belly of the mother eel, and that having 
opened the body, the young were seen to disperse themselves all over the objcct-plate 
of the microscope. These observations deserve to be further examined, as a con- 
firmation of them would throw great light on animality. 

^ote — It appears from the careful observation of Francis Bauer, Esq., that the 
molecules in question, the nature of whose existence so puzzled Montucla, are minute 
parasitical fungi of the genus uredo. Sec an interesting article on the subject in 
the Penny Magazine for March 31st, 1833, and continued in the No. for May 11th, 
1833. 


IV . — On the Movements of the Tremella, 

The tremella is that gelatinous green plant, which forms itself in stagnant water, 
and which is known to naturalists by the name of conferva gelatinosa, omnium tener- 
rima et minima, aquarum limo innascens It consists of a number of filaments inter- 
woven through each other, which when considered singly are composed of small parts, 
about a line in length, united by articulations. 

This natural production, when viewed with the naked eye, exhibits nothing re- 
markable or uncommon ; but by means of microscopic observations, two very extra- 
ordinary properties have been discovered in it. One is the spontaneous motion with 
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which these filamentB are endowed. If a single one, sufficiently moistened, be placed 
on the object-plate of the microscope, its extremities are seen to rise and falj alter- 
nately, and to move sometimes to *the right and sometimes to the left ; at the 
same time, it twists itself in various directions, and without receiving any external 
impression. Sometimes, instead of appearing extended like a straight line, it forms 
itself into an oval or irregular curve. If two of them are placed side by side, they 
become twisted and twined together, and by a sort of imperceptible motion, the one 
from one side, and the other from the other. This motion has been estimated by 
Adansoii to be about the 400th part of a line per minute. 

The other property of this plant is, that it dies and revives, as we may say, seve- 
ral times ; for if several hlaments, or a mass of tremella, be dried, it entirely loses the 
faculty above mentioned. It will remain several months in that state of death or 
sleep ; but when immersed in the necessary moisture, it revives, recovers its power 
of motion, and multiplies as usual. 

The Abbe Fontana, a celebrated observer of Parma, does not hesitate, in conse- 
quence of these facts, to class the tremella among the number of the Zoophytes ; 
and to consider it as the link which connects the vegetable with the animal king- 
dom, or the animal with the vegetable; in a woid, as an animal or a vegetable 
endowed with the singular property of being able to die and to revive alter- 
nately. But is this a real death, or only a kind of sleep, a suspension of all the 
faculties in which the life of the plant consists? To answer this question, it would 
be necessary to know exactly what is the nature of death ; a great deal might be 
said on this subject, were not such disquisitions foreign to the present work. 

V . — Of the Circulation of the Blood. 

Those who are desirous to observe the circulation of the blood by means of the 
microscope, may easily obtain that satisfaction. The objects employed chiefly for this 
purpose, arc the delic ite^ transparent member which unites the toes of the frog, and 
the tail of the tadpole. If this membrane be extended, and fixed on a piece of glass 
illuminated below, you will observe with great satisfaction the motion of the hlood 
in the vesi-cls with which it is interspersed: you will imagine that you sec an archi- 
pelago of islands with a rapid current flowing between them. 

Take a tadpole, and having wrapped up its body in a piece of thin, moist cloth, 
place its tail on the object-plate of the microscope, and enlighten it below: you will 
then see very distinctly the circulation of the blood ; which in certain vessels pro- 
ceeds by a kind of undulations, and in others with an uniform motion. The former 
arc the arteries, in which the blood moves in consequence of the alternate pulsation 
of the heai t ; the latter are the veins. 

The circulation of the blood may be seen also in the legs and tails of shrimps, by 
putting these fish into water with a little salt ; but their blood is not red. The 
wings of the locust are also proper foi this purpose: in these the observer will sec, 
not without satisfaction, the green globules of their blood cairicd away by the serosity 
in which they float. The transparent legs of small spiders, and those of small bugs, 
will also aflToid the means of observing the ciiculation of their blood. The latter 
exhibit an extraordinary vibiation of the vessels, which Mr. Baker says he never saw 
any where else. 

But the most cmious of all the spectacles of this kind, is that exhibited by the 
mesentery of a living frog, applied in particular to the solar microscope, which Mr. 
Baker tells us he did in company with Dr. Alexander Stuard, physician to the queen. 
It is impossible to express, says he, the wonderful scene which presented itself to our 
eyes. We saw at the same moment the blood, which flowed in a prodigious number 
of vessels, moving in some to one side, and in others to the opposite side. Several of 
these vessels were magnified to the size of an inch diameter ; and the globules of 
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blood seemed almost as large as grains of pepper, while in some of the vessels, which 
were much smaller, they could pass only one by one, and were obliged to change their 
figure into that of an oblong spheroid. 

VI. — Composition of the Blood. 

With the end of a quill, or a very soft brush, take up a small drop of blood just drawn 
from a vein, and spread it as thin as possible over a bit of talc. If you then apply 
to your microscope one of the strongest magnifiers, you will distinctly see its 
globules. 

By these means it has been found, that the red globules of the human blood arc 
each composed of six smaller globules, united together; and that when disunited by 
any cause whatever, they are no longer of a red colour. These red globules are so 
exceedingly iniimte, that their diameter is only the lOOth part of a line, so that a 
sphere of a line in diameter would contain 409GOOO of them. 

VII . — Of the Skin ; its Pores, and Scales. 

If you cut off a small bit of the epidermis by means of a very sharp razor, and 
place it on the object-plate of the microscope; you will sec it covered with a mul- 
titude of small scales, so exceedingly minute, that, according to Lewenhoek, a grain 
of sand would cover two hundred of them ; that is to say, in the diameter of a gram 
of sand there arc 14 or 15. These scales are arranged like those on the back 
of fishes, or like the tiles of a house; that is, each covering the other. 

If >ou are desirous of viewing their form with more convenience, scrape the e{)i- 
dermis wdth a pen-knife, and put the dust obtained by tlie«e means into a drop 
of W’ater : you will then observe that these scales, in general, have five planes, and 
that each consists of several strata. 

Below these scales arc the pores of the epidermis, wdiich when the former are re- 
moved may be distinctly perceived, like small holes pierced with an exceedingly fin® 
needle. Lcwcnhock counted 120 in the length of aline; so that a line square, 10 
of which form an inch, would contain 14400; consequently a square fool would 
contain 144000000; and as the surface of the human body may be estimated at 14 
square feet, it must contain *2016 millions. 

Each of these pores corresponds in the skin to an excretory tube, the edge 
of which is lined with the epidermis. When the epidermis has lieen deluohed fioin 
the skill, these internal prolongations of the epidermis may be oliserved in the same 
manner as we sec, in the reverse of a piece of paper, pierced with a blunt needle, 
the rough edge formed by the surface, which has been tom and turned inwards. 

The pores of the skin arc more p.artieiilarly reiiiai kable in the hands ami the feet. 
If you wash your hands well with soap, and look at the palm with a common mag- 
nifier, you will sec a multitude of furrows, between which the pores are situated. 
If the body be in a state of perspiration at the time, you wull see issuing from 
these pores a small drop of liquor, which gives to each the appearance of a 
fountain. 


VIIL — Of the Hair of Animals. 

The hairs of animals, seen through the microscope, appear to be organized bodies, 
like the other parts; and, by the variety of their texture and conformation, they 
afford much subject of agreeable observation. In general, they appear to be com- 
posed of long, 8lender,hollow tubes, or of several small hairs covered with a coniiiion 
bark ; others, such as those of the Indian deer, are hollow quite through. The 
bristles of a cat’s whiskers, when cut transversely, exhibit the appearance of a me- 
dullary part, which occupies the middle, like the pith in a twig of the cider-tree. 
Those of the hedge-hog contain a real marrow, which is whitish, and formed of radii. 



EYES OP INBtCTS.— MITES IN CHEESE. ii6l 

As yet however we are not perfectly certain in regard to the organization of the 
human hair. Some observers, seeing a white line in the middle, have concluded that 
it is a vessel which conveys the rwitritive juice to the extremity. Others contest 
this observation, and maintain that it is merely an optical illusion, produced by the 
covexity of the hair. It appears however that some vessel must be extended length- 
wise in the hair, if it be true that blood has been seen to issue at the extremity 
of the hair cut from persons attacked with that disease called the Plica Polonica. 
But querc, is this observation certain? 

IX. — Singularities in regard to the Eyes of most Insects, 

The greater part of insects have not moveable eyes, which they can cover with 
eye-lids at pleasure, like other animals. These organs, in the former, are absolutely 
immoveable; and as they are deprived of that useful covering assigned to others tor 
defending them, natuie has supplied this deficiency by forming them of a kind 
of corneous substance, pioper for resisting the shocks to which they might be 
exposed. 

But it is not in this that the great singularity of the eyes of insects consists. We 
discover by the microscope that these eyes are themselves divided into a prodigious 
multitude of others much smaller. If we take a common fly, lor example, and 
examine its eyes by the microscope, we shall find that it has on each side of its head 
a large excrescence, like a flattened hemisphere. This may be perceived without a 
microscope ; but by menus of this instrument these hemispheric excrescences will be 
seen divided into a gieat number of rhomboids, having in the middle a lenticular con- 
vexity, w'hich pel forms the part of the crystalline humour. Ilodieniii counted more 
than 3000 of those rhomboids on one of the eyes of a common fly ; IM. Puget reckoned 
HOOO on each eye of another kind of fly, so that there aie some ot these insects 
which have 1(1(>(K) eyes ; and there arc some which even have a much greater num- 
ber ; for licweiihock counted 14000 on each eye of another in -.ret. 

These eyes however are not all disposed in the «urne manner : the dragon fly, for 
cxam|>lc, besides the two hemispherical exercseeiires on the sides, lias between these 
two other eminences, the upper and convex surface ot which is furnished with a 
multitude of eyes, directed towards the heavens. The same inseet has three also in 
front, in the form of an obtuse and rounded cone. The case is the same with the 
fly, hut its eyes are less elevated. 

It IS an agreeable spectacle, says Lew’^enlioek, to consider this multitude of eyes in 
insects; for if the observer is placed in a eeitain manner, the neighbouring objects 
appear painted on these spheiieal eminences of a diameter exceedingly small, and by 
means of the mieroseope they are seen multiplied, almost as many times as there are 
eyes, and in such a distinct manner as never can be attained to by art. 

A great many more observations might be made in regaid to the organs of insects, 
and their wonderful variety and conformation, but these we shall reserve for another 
place. 


X. — Of the Mites in Cheescj and other Insects of the same kind. 

If you place on the object- plate of the microscope some of the dust which is formed 
on the rind and other neighbouring parts of old cheese, it will be seen to swarm with 
a multitude of small transparent animals, of an oval figure, terminating in a point, 
and in the form of a snout. These insects are furnislicd with eight scaly, articulated 
legs, by means of wdiieh they move themselves heavily along, rolling from one side 
to the other; their head is terminated by an obtuse body in the form of a truncated 
cone, where the organ through wbieb they feed is apparently situated. Their bodies, 
paiticularly the lateral parts, are covered with several long sliarp-pointed hairs, and 
the anus, bordered with hair, is seen in the lower part ot the belly. 
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There are mites of another kind which have only six legs, and which consequently 
are of a different species. 

Others are of a vagabond nature, as the observer calls them, and are found in all 
places where there are matters proper for their nourishment. 

This animal is extremely vivacious ; for Lewenhoek says that some of them, which 
he had attached to a pin before his microscope, lived in that manner eleven weeks. 

XI Of the Zouse and Flea, 

Both these animals are exceedingly disagreeable, particularly the latter, and do not 
seem proper for being the subject of microscopic observation ; but to the philosopher 
no object in nature is disagreeable, because deformity is merely relative, and the 
most hideous animal often exhibits singularities, which serve to make us better 
acquainted with the infinite variety of the works of the Creator. 

If you make a louse fast for a couple of days, and then place it on your band, you 
will see it soon attach itself to it, and plunge its trunk into the skin. If viewed in 
this state by means of a microscope, you will see, through its skin, your blood 
flowing under the form of a small stream, into its ventricle, or the vessel that supplies 
its place, and thence distributing itself to the other parts, which will become dis- 
tended by it. 

This animal is one of the most hideous in nature .* its head is triangular, and ter- 
minates in a sharp point, to which is united its proboscis or sucker. On each side 
of the head, and at a small distance from its anterior point, are placed two large an- 
tennne, covered with hair ; and behind these, towards the two other obtuse angles of 
the triangle, are the animal’s two eyes. The head is united by a short neck to the 
corslet, which has six legs furnished w'ith hair at the articulations, and with two 
books each at the extremity. The lower part of the belly is almost transparent, and 
on the sides has a kind of tubercles, the last of which are furnished with two hooks, 
Dr. Hook, in his “ Micrographia,*’ has given the figure of one of these animals, about 
half a foot in length. Those who see the representation of this insect will not be 
surprised at the itching on the skin which it occasions to persons, who in consequence 
of dirtiness are infested with it. 

The flea has a great resemblance to the shrimp, as its back is arched in the same 
manner as the hack of that animal. It is covered as it were with a eoat of mail, 
consisting of large scales laid over each other ; the hijjd part is round, and very large 
in regard to the rest of the body ; its head is covered by a single scale, and at the 
extremity has a kind of three terebrae, by means of which the insect sucks the blood 
of animals. Six legs, with thighs exceedingly thick, and of which the first pair 
arc remarkably long, enable it to perform all its movements. The great size of the 
thighs is destined, no doubt, to contain the powerful muscles which are necessary to 
carry the insect to a height or distance equal to several hundred times its length. 
Being destined to make such large leaps, it was also necessary that it should be 
strongly secured against falls to which it might be exposed, and nature has made 
apaple provision against accidents of this kind, by supplying it with scaly armour. 
Figures of the flea and louse, highly magnified, will be found in the works of Hook 
and Joblot. 


XII. —Mouldinnee. 

Nothing can be more curious than the appearance exhibited by mouldiness, when 
viewed through the microscope. When seen by the naked eye, one is almost induced 
to consider it as an irregular tissue of filaments ; but the microscope shews that 
it is nothing else than a small forest of plants, which derive their nourishment from 
the moist substance, tending towards decomposition, which serves them as a base. 
The stems of these plants may be plainly distinguished ; and sometimes their buds. 
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some shut and others open. Baron de Munchausen has even done more ; when 
carefully examining these small plants, he observed that they had a great similarity 
to mushrooms. They are nothing, therefore, but micro8co[)ic mushrooms, the tops 
of which, when they come to maturity, emit an exceedingly line kind of dust, which 
is their seed. It is well known that mushrooms spring up in the course of one night ; 
but those of which we here speaks being more rapid, almost in the inverse ratio of 
their size, grow up in a few hours. Hence the extraordinary progress which raoul* 
diness makes in a very short time. 

Another very curious observation of the same kind, made by M. Ahlefeld of 
Giessen, is as follows : Having seen some stones covered with a sort of dust, he had 
the curiosity to examine it with a microscope, and found, to his great astonishment, 
that it consisted of small microscopic mushrooms, raised on very short pedicles, the 
heads of which, round in the middle, were turned up at the edges. They v.^ere 
striated also fiom the centre to the circumference, as certain kinds of mushrooms 
are. He remarked likewise that they contained, above their upper covering, a mul- 
titude of small grains, shaped like cherries, soiiiew'hat flattened ; which in all proba- 
bility were the seeds. In the last place, he observed, in this forest of mushrooms, 
several small red insects, which no doubt fed upon them. (See AcU Leips, for the 
year 1730.) 

XIII. — Dust of the Lycoperdon. 

The lycoperdon, or puff-ball, is a plant of the fungus kind, which grows in the 
form of a tuheicle, eov^Tcd with small grains like shagreen. If pre^std with the 
foot, it bursts, and emits an exceedingly fine kind of dust, which flies off under the 
appearance of smoke; but commonly a pretty laige quantity remains in the half 
opened cavity of the plant. If some of tins dust be placed on tbe object-plate of 
the microscope, it appears to consist of pcifectly round globules, of an orange colour, 
the diameter of which is only about the oOtli part of a hair; so that each grain of 
this dust is but the 125(X)0th part of a globule equal in diameter to tbe breadth of 
a hair. Some lyeoperdoiis eontaiii browner spherules, attached to a small pedicle. 
This dust no doubt lb the seed of this uiiomaloub plant. 

XIV — Of the Farina of Flowers. 

It is not long since the utility of (his farina iii the vegetable economy w’as known. 
Before this discovery, it was thought to be nothing el&e than the excrement of the 
juices of tbe flower ; but it is sliewii by tbe mieioscope that tins dust is n gularly and 
uniformly organised in each kind of plant. In the mallow, for example, each grain is 
an opakeball, entirely coveied with points. Tbe faiina of the tulip, and of most of 
the lily kind of flow’eis, has a resemblance to the seeds of encumbers and melons. 
That of the poppy resembles a grain of bailey, with a longitudinal groove in it. 

But we are taught by observation still more; for it is found that tins dust or farina 
is only a capsule, whieli contains another far more minute; and it is the latter which 
is the real fecundating dust of plants. 

XV. — Of the apparent holes in the Leaves of some Plants. 

There are certain plants, tbe leaves of which appear to be pierced with a multitude 
of small holes. O^l^is kind, in particular, is that called by tbe botanists hypericum, 
and by tbe vulg^/^t. John’s vvoit. But it a fragment of one of these leaves be 
viewed through a microscope, the supposed boles are found to be vesicles, contained 
in the thickness of tbe leaf, and covered with an exceedingly thin membrane : in a 
word, they are the receptacles which contain the essential and aromatic oil peculiar 
to that plant. 
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XVI. — Of the Down of Plants, 

The spectacle exhibited by those plants which have down, such as borage, nettles, 
&c., is exceedingly curious When viewed through the microscope, they appear to 
be so covered with spikes as to excite horror. Those of borage are for the most part 
bent so as to form an elbow ; and, though really very close, they appear by the mi- 
croscope to be at a considerable distance from each other. Persons who are not 
previously told what substance they are looking at, will almost be induced to be- 
lieve that they see the skin of a porcupine. 

XVII. — Of the Sparks struck from apiece of Steel hy means of a Flint, 

If sparks struck from a piece of steel by a flint be made to fall on a leaf of paper, 
they will be found, for the most part, to be globules, formed of small particles of 
steel, detached by the shock, and fused by the friction. Dr. Hook observed some 
which were perfectly smooth, and reflected with vivacity the image of a neighbour- 
ing window. When in this state, they arc susceptible of being attracted by the 
magnet; but very often they are reduced by the fusion to a kind of scoria, and in 
that case the magnet has no power over them. The cause of this we shall explain 
hereafter. This fusion will excite no surprise, when it is known that the bodies 
most difficult to be liquefied need only, for that purpose, to be reduced to very minute 
particles. 

XVIII. — Of the Asperities of certain bodies, which appear to he exceedingly sharp 
avd highly polished. 

If a needle, apparently very sharp, be viewed through the microscope, it will seem to 
have a very blunt, irregular point, much resembling that of a peg broken at the end. 

The case is the same with the edge of the best set razor. When viewed through 
the microscope, it will appear like the back of a penknife, and at certain distances 
exhibit indentations like the teeth of a saw, but irregular. 

If a piece of the highest polished gla^s be exposed to the microscope, you will be 
much astonished at its appcaiance; it will be seen furrowed, and filled with asperi- 
ties, which reflect the light in an irregular manner, making it assume different colours. 
The case is the same with the best polished steel. 

Art, in this respect, is far inferior to nature ; for if works which have been made 
and ’polished, as we may say, by the latter, are exposed to the microscope, instead of 
losing their polish, they appear with greater lustre. When the eyes of a fly, if illu- 
minated by means of a lamp or taper, are viewed tbiough this instrument, each of 
them exhibits an image of the taper with a precision and vivacity which nothing 
can equal. 


XIX. — Of Sand seen through the Microscope. 

It is well known that there are some kinds of sand calcareous, and others vitrifiable. 
The former, seen through the microscope, resembles in a great measure large irregular 
fragments of rock. The most curious spectacle however is exhibited by the vitreous 
kind : when it consists of rolled sand, it appears like so many rough diamonds, and 
sometimes like polished ones. One kind of sand, when seen through the micro- 
scope, appears to be an assemblage of diamonds, rubies, and emeralds : another pre- 
sents the embryos of shells, exceedingly small. 

XX. — Of the Pores of Charcoal, 

Dr. Hook had the curiosity to examine with a microscope the texture of charcoal, 
which be found to be filled with pores regularly arranged, and passing through its 
whole length : hence it appears that there is no charcoal into which the air does not 
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introduce itself. This observer, in the 18th part of an inch, counted 150 of these 
pores; from which it follows, that in a piece of charcoal, an inch in diameter, there 
are about 5720000. 

On this subject we have been obliged, agreeably to our plan, to be exceedingly 
brief; but, to supply this deficiency, we shall here point out the principal works 
which contain micrograpbic observations, and the authors who have particularly applied 
themselves to this kind of study. The first we shall mention is Father Bonnani, 
a Jesuit, author of a hook entitled “ Bicrcazioiic dell’ochio ^ della mente,” part 
of which is entirely devoted to this subject. The celebrated Lewenhoek spent 
almost the whole of his life in the same occupation, and published the observations 
he made in his ** Arcana Naturae.*’ A great many observations of this kind may be 
found scattered here and there throughout all the Journals and Memoirs of learned 
Societies. But few have made so many researches on this subject as M. Joblot. 
author of a quarto volume, entitled “ Description ct usages de plusieurs nouveaux 
Microscopes, &c., avee do nouveaux observations sur un multitude innombrable 
d’insectes, &c., qui naissent dans les liqueurs, &c. Paris, 1716.” He infused in 
water a great number of different substances, and caused the small animals produced 
by these infusions to be engraved : to the greater part of them he has even given 
names, derived from their resemblance to known bodies, or from other circumstances. 
But we must refer the reader to the work itself, which was republished in 1754, 
considerably enlarged, under this title: “Observations d’Histoire Naturclle, faites 
avec le Microscope sui un grand nombre d’insectes, et sur les Animalcules qui se 
trouvent dans les liqueurs prcparces el non preparees, &c.,’'4to, with a great number 
of plates. Needham, in the year 1750, published his work, called “ New Micro- 
scopical Observations.” Buffon’s observations on spermatic molecula? may be seen 
in bis work on Natural History. We have also Baker’s v^orks, entitled “ The 
Microbcope made Easy, and Employment for the Microscope.” The first part con- 
tains a description of the apparatus and the method of using different kinds of mi- 
croscopes, and the second a very long detail of microscopical observations made on va- 
rious natural objects. This work was attended with great success, and is exceedingly 
instructive. The Abh^ Spallanzani caused his microscopical observations, in which 
he several limes contradicts Needham, to be printed in Italian ; a French translation, 
entitled “ Nouyelles Observations Microscopiques,” was published, in octavo, at 
Paris, in 1769, with notes by the above philosopher. If to these be added various 
Memoiis by Fontana, Roffredi, Spallanzani, &c., published in the “ Journal de 
Physique,’’ we shall have enumerated all the writings, or at least the principal ones, 
which have hitherto appeared on this subject. 


We shall add to the preceding problems on Optics in Montucla’s work, a brief 
summary of the modern discoveries in this branch of science. 

JRxed Lines in the Prismatic Spectrum, 

By viewing through a telescope the spectrum formed from a narrow beam of solar 
light by a fine prism of flint glass, Fraunhofer of Munich discovered that the spec- 
trum was covered throughout by dark lines of different widths, perpendicular to the 
direation of the length of the spectrum, none of the lines coinciding with the 
boundary of any of the coloured spaces. There are not less than 600 of these lines. 
Several of them are sensibly broader than the others, and may be discovered with 
comparative ease. One is near the outer end of the red space ; a broad and dark 
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one is near the middle of the red, a strong double line is -in the middle of the orange, 
one in the green consists of several lines, a very strong one is in the blue, one in the 
indigo, and one in the violet. 

Similar bands arc seen in the light of the planets, fixed stars, the electric spark, 
and coloured tlowcrs, but they are not found in the spectrum formed by the light of a 
lamp ; but in the orange portion of the lamp-light spectium, there is a line brighter 
than the rest of the spectrum. 

On the Heating Power of the Spectrum. 

Dr. llcrschcl found by experiments that the heating power of the spectrum gra- 
dually increased from the vioh t to the red extremity, and that the thermometer 
continued to rise beyond the red end, where no light whatever could be perceived. 
Hence he drew the conclusion fha/ there are invisible rays in the Itght of the sun, 
which produce heal, and which have a less lefrangibtlity than red light, 

Mr Seebcck however, who has recently experimented on the subject, shews that 
the place of innxiinum heat in the spectium varies with the substance of which 
the prism is made. Thus with water the maximum of heat was in the yellow portion 
of the spectrum ; with sulphuric acid, it was in the orange ; with crown glass, in the 
middle of the red ; and with flint glass, (the material which Ilerschel used) beyond 
the red. 


On the Chemical Influence of the Spectrum. 

Jt has long been known that lunar caust'c becomes black wdien exposed to the 
light, and very speedily so wlnui exposed to the light of the sun. When exposed to 
the light of the Hpeetiiiin, it is found to become very soon black beyond tlie violet 
extremity, less readily so in the violet, and so on towards the red end ; and 
when a little blackened by exposure near the violet end, its colour is partially 
restored by exposure in the red rays. 

On the Magnetizing power of the Solar Pays, 

Some years ago Dr. Moriehiiu autiouiiced that by rollecfiiig the violet rays in the 
focu'* of a convex lens, and currying the focus fiom the middle of one half of a needle 
to the extremities of that half, and continuing the operation for an hoiii, the needle 
acquired perfect polaiity. 'J'hc experiment was repeated sometimes with, and some- 
times without, success, by various scientific persons; but the truth ot the fact an- 
noiineed has recently been put beyond dispute by some expeiiments made by our 
distinguislied countrywoman, Mrs. Somenille. 

Haying covered with paper one half of a sewing needle, quite devoid of magnetism, 
Mrs S. exposed the uncovered half to the violet rays, and in about two hours the 
needle had become decidedly magnetized, the exposed end exhibiting north polarity. 
The indigo rays magnetized a needle with nearly the same facility as the blue ones; 
and the blue and green produced also a small analogous effect, but the other rays pro- 
duced no sensible effect whatever. 

When the rays were concentrated by means of a lens the effect was produced 
more speedily ; and what is very remarkable, the magnetic effect was produced by 
exposing the needle half covered with paper to the sun’s rays transmitted through 
green glass, or through glass coloured blue with cobalt. The light transmitted 
through a blue or green riband produced the same effect, and when the needles thus 
covered had hung a day or two in the sun’s rays, behind a pane of glass, their 
exposed ends were north poles, as when the efifect was produced by the rays df the 
Bpectrum, 

These peculiar properties ot light have acquired increased im-portance from 
the singular and most wonderful application that has been recently made of 
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some of them to taking drawings and views of matchless accuracy, and of delicacy 
beyond tlie reach of all human art. 

About twelve months ago it was announced that M. Daguerre, well known for the 
beautiful and interesting dioramic pictures executed by him, and exhibited in most of 
the principal cities of Europe, had discovered a mode of fixing the images formed in 
the Camel a Obscura and of producing pictures which exceeded in delicacy any thing 
that had ever before been seen. 

On this announcement reaching England, Mr. Fox Talbot immediately laid before 
the Iloyal Society an account of a method which be had practised for some yeats, 
and which it was thought might possibly be the same in substance as the pioeess 
discovered by the ingenious Freiichinaii. A compaiison of the results shewed, how- 
ever, that the processes of M. Daguerre and Mr. Talbot were by no means identical. 
Both methods, indeed, gave peiiiianent pictures from images formed in the Cameia; 
but Mr. Talbot’s pictures had dark shades wheie light colours were in the object 
copied, and lights where in nature the colours were daik. On the contrary, iu 
Daguerre’s pictures, light colours were rtpresented by light shades, and dark coloiiis 
by daik shades, and the gradations of the shades — the tianslation, so to speak, from 
colour in nature to shade in the picture^ exhibited a degree of peitcctioii utterly un- 
attainable by art. Still, however, the process ot Mr Talbot has its own usclul and 
independent application in cases where that of M. Doguerre, admirable as it is, does 
not apply at all. We shall give such an account ol both processes us, we trust, will 
enable an attentne readoi to practise cither with success ; beginning with 

PHOTOGENIC DRAWING. 

Having pasted a bottle eaiefully ovei \\ith paper, dis'solve in it a quantity of 
nit) ate of silver, (lunar caustic) in distilled water, putting oik' drachm of the nitrate to 
four table spoonfuls of water; and taking care that neilhei the nitrate in its solid 
state, nor the solution, is exposed to the light of day. Put the bottle away in a daik 
closet for use. Fill another bottle with a saturated solution of coininon salt and 
water , it is not iiecessaiy that the water should be distilled. Take a sheet of stout 
writing paper, such as Bath post, dip it in a solution composed of liom ten to twenty 
parts ot pure water to one of the saturated solution of salt. Press the wetted paper 
hetw'een sheets of blotting paper, and then dry it at the fare. 

Ill a room from wliieli day-light is eaiefully excluded, w'ash over one side of the 
paper hvice with the solution ot nitrate of silvei, using for the purpose a large camel’s 
hair pencil, and dry the paper after each washing. 

The paper may now in general be considered as prepared, and it will be found 
snffieienlly sensitive for making pbotogenie pictuies by the direct action of the sun’s 
rays. Butii it is intended for taUuig pictmes by means of reflected light, as in the 
C’aiiieia Obscura, it will be necessaiy to go over the whole process of preparation 
again • dipping in the salt and water, diyiiig, — washing wutli the solution of nitiate 
of bilvtr, and drying again. By pioceediiig iu this w'ay, the sensibility of the paper 
may be increased almost indefanitely ; hut it is very difficult to fix images on paj er 
of extreme sensibility, as the durkeiiiiig process is apt to proceed, whatever pioccss 
may be adopted for checking it. 

Having prepaied paper of the requisite sensibility for the object in view, we shall 
suppose that it is desired to have on the paper a repi escntation of some subject, 
as shewn in the Camera Obscura. 

Having fixed upon the point of view, draw out the slider of the Camera till a 
distinct image of the object in view is obtained in the focus, or a piece of common 
paper. Then, in a room from which day-light is shut oirt, replace the piece of com- 
mon p.iper in the Camera with a piece of prepaied, highly sensitive photogenic 
paper (the object glass being covered) ; and shut down the posterior flap of the 
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Camera ; and removing the instrument to the selected point of view, take off the cover 
of the object-glass, and allow the image of the object which it is desired to have 
represented to be formed on the photogenic paper. If the day is bright, a distinct 
image of the object will be found imprinted on the paper in from 16 to 30 minutes. 
Then, the cover being put again upon the object-glass, remove the Camera with the 
paper in it to the dark chamber; and, withdrawing the picture, immerse it immediately 
in cold water for 16 or 20 minutes. It may be advisable to change the water 
occasionally, to wash out as much as possible of the nitrate of silver remaining un- 
changed on the paper. Dry the paper at the tire, and make a solution of one table 
spoonful of the saturated solution of salt and water, and three or four spoonfuls of 
pure water,— adding the bulk of two pins" heads of iodide of potassium. Soak the 
paper in the solution, and dry it at the fire, and in all ordinary cases the image will 
be found to be fixed, being altogether insensible to the further action of light. 

To make an accurate Drawing of any object, by means of Solar Light, 

Take a piece of prepared paper large enough for the object in view, and in a 
darkened room place the object on the side of the paper which has been washed with 
the nitrate of silver, and place over the object a piece of good window glass. 

It may be well to place the paper on a book, and to keep the object in accurate 
fontact with the paper, by pressure on the edge of the glass ; for absolute contrast is 
essential to the perfection of the picture. 

The arrangements may be more conveniently made by means of a small drawing 
board, with a cushioned back-board to lay the paper and the object upon, and a 
pane of glass adapted to the board to lay upon the object; and the whole can be 
fastened into the frame by the cross-sticks at the back of the cushioned board, as 
the paper is fastened into the frame for drawing. 

Let the object under the glass be suddenly placed in the direct rays of the sun, and 
in a few minutes a perfect image of it will be formed on the paper ; the parts of the 
paper uncovered will be black, or nearly so; those parts of the object through 
which the solar rays pass most freely will be darkest in the picture, and such parts 
as totally exclude the rays of light will be white ; the other parts of ditferent 
degree^«of shade, depending on the transparency of ditferent parts of the object. 

It may be stated, generally, with respect to colour, that lights in the object give • 
darks in the picture, and vice versa. 

If the picture bewared as directed above, it may be used, as the object was, to pro- 
duce another picture in which lights, shades, and direction will be again reversed ; but 
this second picture, is always less distinct than the first one, because all the im- 
perfections of the paper through which the rays penetrate to the prepared paper be< 
neath, are represented in the transferred picture. Copies of engravings may be taken 
in the same way, by laying the face of the engraving on the prepared side of the 
photogenic paper ; but here again both lights, shadows, and positions will be re- 
versed, and the want of uniformity in the texture of the paper on which the 
engraving is made will impair the distinctness of the photogenic copy ; and if this 
copy be fixed and used to obtain a reverse, the indistinctness in the reverse will be still 
further increased from the same cause. But both the copies from the original, and 
the transfer from the copy, are often very beautiful. Feathers, finely veined leaves, 
and many grasses, form very interesting photogenic pictures ; and the use of the art in 
preserving pictures, /ac-sim//es of rare and delicate plants, &c., is very obvious. 

A pleasing application of the art, to persons who draw with confidence and taste, 
and are desirous of multiplying copies of their sketches, may be called 

Photogenic Etching. 

Smoke one side of a piece of window glass over the flame of a candle^ and 
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with a pointed implement make a drawing of any object on the emoked side of the 
glass. 

Lay the clean side of this glass on a ^icce of prepared paper, and expose the 
drawing for a short time to the sun, when a perfect copy of the drawing will be 
imprinted on the paper, the part hid from the sun by the soot being the white ground 
of the copy. 

This smoked glass, with the drawing upon it, may be used to take any namber 
of copies in succession ; but the pictures, as they are taken, must be kept from the 
light till they are fixed. ^ 

It may again be noticed, that any imperfection in the contact of the glass and the 
paper injures the distinctness of the impression. 

Many other applications of the process will readily suggest themselves to persons 
who may be inclined to practise it. 

We now proceed to give directions for producing pictures with the aid of the Ca- 
mera, by the more delicate process of M. Daguerre ; availing ourselves chiefly of the 
official account published by the discoverer, in compliance with an agreement made 
with the French government, which has settled an annuity of 6000 francs on M. 
Daguerre, and one of 4000 francs on his associate, M. Neipce, as a recompence 
for making the particulars of the discovery known for the benefit of the public at 
large. 


daguerreotype . 

The pictures are formed on thin plates of the purest silver plated on copper ; 
the copper being of sufficient thickncbs to maintain perfect smoothness and flatness 
in the silver plate ; but the thickness of both ought not to exceed that of a stout 
card, and the size of the plate will depend on that of the Camera. 

Powder the surface of the ^ilale with the finest pumice stone ; then laying the 
plate on several folds of paper, take some cotton dipped in a little olive oil, rub the 
plate gently, rounding the strokes. The pumice stone and cotton must be changed 
several times. When the plate is well polished, it must be cleaned by powdering it 
over again with pumice stone, rounding and ciossing the strokes to obtain a flat 
surface. 

Koll up a little pledget of cotton, and moisten it with a diluted solution of nitiic 
acid (one part of acid to eight of distilled water), applying the cotton to the mouth 
of the phial containing the solution, so that the centre of the cotton only may be 
slightly wetted ; and with the pledget so moistened rub the surface of the plate 
equally. Change the cotton and rub on, rounding the strokes till the acid is per- 
fectly spread, and forms a thin film on the surface. Again powder with pumice, 
and clean with fresh cotton, rubbing as before, but very slightly. 

Put the plate with the silver side upwards in a wire frame, and to the copper 
side apply the flame of a spirit lamp, the flame playing upon and touching the copper 
as the lamp is carried round. Continuing this for about five minutes, a strong white 
coating will be formed on the surface of the silver. Withdraw the lamp, and cool 
the plate suddenly by placing it on a cold substance, as a marble table. 

When perfectly cooled, polish it again with dry pumice stone and cotton, repeated 
several times. Repeat the operations with the acid ; and polishing afterwards with 
dry pumice stone and cotton thrice / taking care not to breathe upon the plate, or 
to touch it with the fingers, or even with the cotton on which the fingers have 
rested. 

Put the plate into a frame, and invert it, so that the silver face may be downward 
on the top of a box, at the bottom of which is a quantity of iodine broken into small 
pieces, and contained in a little dish. Let the plate remain in this position, till the 
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ron(]ei)&ation of tLe vnpour of the iodine has covered the surface with a fine coating 
of a yellow gold colour. The time for effecting this may vary from five minutes to 
half an hour, according to the operation ;*thc operator examines from time to time 
how the process is proceeding. This process is conducted in a darkened apartment, 
and the examinations are made by a little light admitted sideways, not from the roof. 
Lifting the plate with the frame with both hands, and turning it up quickly, the 
operator sees at a glance the true colour of the coating ; very little light sufficing for 
the purpose. If too pale, the plate is instantly replaced ; if the gold tint is 
passed, the coating is useless, and the whole o^the operations must be gone over 
de novo. 

Having previously adjusted the Camera to focus, place the plate in the Camera ; 
and placing the Camera in front of the landscape, uncover the lens, and allow the 
light to foim a picture of what is before the Camera on the coated surface of the 
silver ; all light except that from the object glass being rigidly excluded. The lens 
of the Camera ought to be periscopic. 

The time which the plate must remain in tbe Camera depends entirely on the 
intensity of the light of the objects whose image is to be depicted. At Paris it may 
vary from three to thirty minutes. 

When it is conceived that tlie plate has remained long enough, the Camera with 
the plate in it must be removed to a darkened chamber ; tbe only light admissible 
being that of a taper. 

The plate removed, nothing whatever will be perceived upon its surface ; its ap- 
pearance IS an absolute blank. 

Put it into a box, the face inclining foi wards 45 degrees from the perpendicular ; 
and at the bottom of the box place a cup containing mercury. Putting on tbe lid 
of the box, place a spirit lamp below the mercury, till it is raised to a temperature 
of 60'’ eentngrade. Withdraw the lamp immediately, and after continuing to rise 
some time, the thermometer, b> which the heat of J-hc mcieury is measured, will 
begin to fall. When it falls to 45" eentrigradc, withdraw the plate. 

A plate of glass is placed in this mercurialising box in front of the plate ; so that 
by means of a feeble taper the operator can see tbe gradual development of the 
picture under the influence of the mercurial vapour. 

The impress of nature is on the plate when it is removed from the Camera, but it 
is invisible; and it is not till after several minutes’ exposure to the mercurial vapour 
that the faint traces of objects begin to appear. 

After tbe racrcurialising process has been completed, the next object is to fix the 
image. 

Plunge tbe plate into a plate of common water, and withdraw it immediately, the 
surface merely requiring to be moistened. Then plunge it into a saturated solution 
of common bait; or, which is better, into a saturated solution of hyposulphate of 
soda, moving the plate about in the solution by means of a book of copper wire. 
When the yellow colour is quite gone, lift up the plate with both hands, taking care 
not to touch the drawing; and plunge it again into a trough of pure water. 

Lay the plate immediately upon au inclined plane ; pour over it, in a stream, hot 
but not boiling water, to carry off what may remain of the saline solution. 

If any drops of water remain on the drawing, they must be blown off ; for by drying 
they would leave stains on tbe drawing. 

It remains only now to place the plate in a square of strong pasteboard, covered 
by a glass ; and to frame tbe whole in wood ; and if all the operations have been 
successfully conducted, a production will be the result which, with respect to deli- 
cacy and faithfulness, is unapproachable by any art previously known. 
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On the Inflexion and Diffraction of Light. 

To observe the action of bodies on light passing near them, let a lens of short focus 
be fixed in a window shutter, and a beam of sun light be transmitted through the lens. 
This light will diverge from the focus of the lens and form a circular image of light 
on the opposite wall. The shadows of all bodies held in this light will be found to 
be surrounded with throe coloured fringes. The firsts reckoning from the shadow, 
will be, violet, indigo, pale blue, green, yellow, red. The second^ blue, yellow, red; 
and the third, pale blue, pale yellow, pale red. 

These fiingts may be conveniently examined by means of a lens, and they present 
various interesting phenomena, according as the light is the direct solar ray, or the dif- 
ferent piimitive portions of the spectrum ; and even according to the shape of the 
^perture through which the light is admitted. 

Of the Colours o f Thin Plates. 

The thinnest transparent film that can be generally met with will both reflect and 
transmit light which is white or coloutless; but if the thickness be diminished to a 
very great degree, the reflected and transmitted light are both coloured, 

A soap bubble is a familiar and beautiful illustration of the colours produced by 
reflection and refraction from and through thin plates. The colours of the oxidated 
film on glass which has been long exposed to the weather, is another example ; and if 
a piece ot sealing wax be stuck to a plate of mica, and detached with a jerk, extremely 
thin filaments will adhere to the wax, and they w'ill exhibit the most brilliant colours 
by reflected light. 

If we blow a soap bubble, and cover it with a clear glass to protect it from cur- 
rents of air; after it has grown thin by standing aw'hile, a gieat many concentric 
coloured rings will be observed round (he top •f it. As the bubble grows thinner 
the rings will dilate ; the central spot will become in succession white, bluish, and 
then black, after which from the extreme thinness of the black part, the bubble 
will burst. 


Of the Colours of Thick Plates. 

The colouis of thick plates may be seen with a candle held before the eye, ten 
or twelve feet from a pane of crown glass in a window on which has been a fine 
deposition of moisture or of dust. 

But these colours may be seen to great advantage by means of two equally 
thick plates of glass placed near to and above each other, and nearly, but not quite, 
paiallel. 

If a ray of condensed light, subtending about 2°, fall nearly perpendicularly on the 
upper plate, and the eye be placed behind the plate, several reflected images will be 
seen in a row, besides the direct one. The field will be seen crossed by numerous 
beautiful bands of colour; the central bands consist of blackish and whitish stripes, 
and the cxteiior of brflliant bands of red and green light ; the direction of the bands 
being parallel to the common section of the inclined planes. 

On the Colours of Grooved Surfaces, 

It has long been known that the beautiful play of colours exhibited by mother of 
pearl and some other substances is derived from their surfaces being covered with 
minute grooves ; and the late ingenious Mr. Barton, of the Royal Mint, made a beau- 
tiful application of this property in the production of what be very appropriately 
called Iris ornaments. By means of a delicate machine he was enabled to cut, with 
a diamond or polished steel, parallel grooves at the distance of from the 2000th to the 
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10000th part of an inch apart ; and the light reflected from the finely grooved sur- 
face exhibited the most beautiful prismatic colours. They were formed into buttons 
for dress coats for gentlemen, and into articles of ornament for ladies, arranged in 
patterns. 

In forming the buttons, patterns were cut in steel, which was afterwards har- 
dened and used as a die to stamp the impressions on buttons made of brass. In sun- 
light, gas-light, or even brilliant lamp or candle-light, the brilliancy of the colours 
of these ornaments was scarcely surpassed by the flashes of the diamond. 

Perhaps it was because these very beautiful articles were soon supplied at a cheap 
rate, that they have ceased to be much used in fashionable life ; they are, however, 
very elegant ; and, as a branch of Optics, the phenomena which they exhibit form a 
most interesting object of contemplation. 

On the Absorption of Light. 

All bodies absorb light. On the summits of high mountains, where light from 
celestial objects has to pass through a thinner stratum of air, a much greater number of 
stars are visible to the eye than on the plains below ; and through great depths of 
matter objects become almost invisible. The absorptive power of air is finely dis- 
played in the colour of the morning and evening clouds ; and that of water, in the red 
colour of even the meridian sun, when seen from a diving bell at a great depth in 
the sea. 

These appearances are caused by the absorption of one class of rays in passing 
through the air or the water, while the rest make their way, either directly or by 
reflection, to the eye. 

Charcoal, in its ordinary state, is the most absorbent of all bodies ; but in some 
particular states of combination — in gas or in flame — as forming the essential 
constituent of the diamond, it is very transparent. Metals arc transparent in a state 
of solution ; and silver and gold, when beaten very thin, transmit light, the former 
blue, the latter giccn. 

Some clouds absorb blue rays, and transmit red ; others absorb all rays in equal pro- 
portions, and exhibit the sun through them perfectly white. The image ot the sun, 
as seen through diluted ink, is also quite white. 

The absorbing power of different bodies is variously modified by heat and other 
circumstances. Pure phosphorus, which is of a slightly yellow colour, transmits 
freely almost all the coloured rays. When melted, and gradually cooled, it absorbs 
all the colours of the spectrum at thicknesses at which it formerly transmitted them. 

On the Polarisation of Light. 

When light emitted from the sun or any self-luminous body, is reflected from the 
surface, or transmitted through the surface, of any homogeneous uncrystallized body, 
the reflected or transmitted light continues the same when we turn round the body ; 
so that the light falls upon it at the same angle, or the different sides of the rays from 
the same paper lie with reference to the angle of incidence. Sifbh light is called com- 
mon light. 

But a kind of light has been discovered which exhibits different properties with 
respect to the angle of incidence, according as the reflecting or transmitting surface is 
presented to one side or another of the incident ray. Such light is called polarised 
light. 

Whenever this light is obtained it must have previously existed in the form of 
common light ; from which it may be obtained by reflection from the surface of tran- 
sparent and opake bodies, by transmission through plates or planes of uncrystallized 
bodies, or by transmission through bodies regularly crystallized, and possessing the 
properly of double refraction. 
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Fig, 68. To explain the difference between common and 

E.* polarised light, let a (Fig. 68.), be a plate of glass 

IC II •V A so placed at the end of a tube m n, that a ray of 

light incident at a, may be reflected along the axis 
of the tube m h. At the end of another smaller 
' * tube N p, which can turn round within m n, place 

a similar piece of glass capable of reflecting a ray a c,to the eye at b. 

Let a ray of light,. r A, fall upon the vertical plate of glass a, at an angle of 56®, 
and incline the plate a to the axis a c, so that the ray may be reflected dong a c, 
and from c again at an angle of 56° to e. Then, when the first reflection is horizon* 
tal, and the second vertical, or when a A c « a horizontal plane, and a c f a vertical 
one, the ray c E will be so weak as to be scarcely visible. But if we turn the tube n p 
within M N without moving a or M N, or altering the inclination of c to a c, the ray c e 
will become stronger and stronger, till it has been turned round 90”, or that ace 
is in a horizontal plane as well as r a c, when the light of the beam c £ attains its 
maximum— •continuing to turn the tube it will become fainter and fainter, till, after 
being turned 90" more, when the plane a c b is in the opposite vertical c e, it will again 
be invisible ; at the next 90^ the brightness of the ray will be at its maximum, and on 
completing the revolution it will vanish again. 

This experiment shews that when either the upper or the under side of the ray 
is nearest c, the plate is incapable of reflecting it ; but that when the right or the left 
side is nearest the reflecting plate, the plate reflects the ray as if it were common 
light, and in intermediate positions, intermediate portions of light are reflected. The 
ray a c has therefore properties different from common light, and we hence conclude 
that a ray of common light, as n a, reflected from glass at an angle of 50°, becomes 
polarized by the reflection. If the original beam ii a has considerable intensity, the 
reflected pencil c e docs not wholly vanish, and the part remaining visible is coloured. 

This branch of Optics is fertile in striking phenomena ; but it is of such extent 
that we must, in this place, content ourselves with referring to works in which room 
has admitted its being treated in recpiisite detail. Dr. Brewster’s Volume in Lard- 
ner’s Cyclopaidia, and the article Optics, apparently by the same author, in the 
Library of Useful Knowledge, may be consulted with advantage. 
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PART FIFTH. 


CONTAINING EVERY THING MOST CURIOUS IN REGARD TO 
ACOUSTICS AND MUSIC. 


The ancienta seem to have considered sounds under no other point of view than 
that of Music ; that is to say, as affecting the ear in an agreeable manner. It is 
even very doubtful whether they were acquainted with any thing more than melody, 
and whether they had any art similar to what we call composition. The moderns, 
however, by studying the philosophy of sounds, have made many discoveries in this 
department, so much neglected by the ancients ; and hence has arisen a new science, 
distinguished by the name of Acoustics. Acoustics have for their object the natuie 
of sounds, considered in general, both in a mathematical and a philosophical view. 
This science therefore comprehends niu^-ic, which considers the ratios of sounds, 
so far as they arc agreeable to the ear, cither by their succession, which constitutes 
melody, or by their simultaneity, which forms harmony. We shall here give an 
account of every thing most cuiious and interesting in regard to this science. 

A IITICLE I. 

Definition of Sound; how diffused and transmitted to our organs of hearing; ex- 
periments on this subject ; different wags of producing Sound. 

Sound is nothing else but the vibration of the particles of air, occasioned either 
by some sudden agitation of a certain mass of the atmosphere violently compu‘Kscd 
or expanded ; or by the communication of the vibration of the minute parts of hard 
and elastic bodies. 

These arc the two best known ways of producing sound. The explosion of a 
pistol, or any other kind of fire arms, produces a report or sound, because the air or 
elastic fluid contained in the gunpow'der, being suddenly dilated, compresses the 
external air W'ith great violence : the latter, in consequence of its elasticity, re-acts 
on the surrounding atmosphere, and produces in its molecula; an oscillatory motion, 
which occasions the sound, and which extends to a greater or less distance, according 
to the intensity of the cause that gave rise to it. 

To form a proper idea of this phenomenon, let us conceive a scries of springs, all 
maintaining each other in equilibrium, and that the first is suddenly compressed in a 
violent manner by some shock, or other cause. By making an effort to recover its 
former situation, it will compress the one next to it, the latter will compress the 
third ; and the same thing will take place to the last, or at least to a very great 
distance ; for the second will be somewhat less compressed than the first, the third 
a little less than the second, and so on ; so that, at a certain distance, the com- 
pression will be almost insensible, and at length it will totally cease. But each 
of these springs, in recovering itself, wdll pass a little beyond the point of equili- 
brium, and this will occasion, throughout the whole scries put in motion, a vibration, 
which will continue for a longer or shorter time, and at length cease. Hence it 
happens that no sound is instantaneous, but always continues, more or less, according 
to circumstances. 
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The other method of producing sound, is to excite, in an elastic body, vibrations 
suHiriently rapid to occasion, in the surrounding parts of the air, a similar motion. 
Thus, an extended string, when struck, emits a sound, and its oscillations, that is to 
say, its motion backward and forward, may be distinctly seen. The elastic parts 
of the air, struck l)y the string during the time it is vibrating, are themselves put 
into a state of vibration, and communicate this motion to the neighbouring ones. 
Such is the mechanism by which a bell produces its sound ; when struck, its vibra- 
tions are sensible to the hand which touches it. 

Should these facts be doubted, the following experiments will exhibit the truth 
of them in the clearest point of view. 

Experiment 1. 

Half fill a vessel, such as a drinking glass, with water ; and having made it fast, 
moisten your finger a little, and move it round the edge. By these means a sound 
will be produced, and at the same time you will see the water tremble, and form 
undulations so as to thiow up small drops. What but the vibiation of the particles 
of the water can produce in it such a motion ? 

Experiment .2. 

If a bell be suspended in the receiver of an air-pump, so as not to touch any part 
of the machine; it will ho found, on the hell being made to sound, that as the air is 
evacuated and becomes rarer, the sound glows weaker and weaker, and that it ceases 
entirely when us complete a vacuum as possible has been effected. If the air be 
gradually ic -admitted, tlie sound will be revived, as wc may say, and will increase in 
proportion as the air contained in the macliiiie approaches towards the same state as 
that of the atmosphere. 

From those two experiments it results, that sound considered in the sonorous 
l)odie«, is nothing else than rapid vibiations of their minute parts: that air is the 
vehicle of it ; and that it is transmitted so much the better when the air by its 
density is itself susceptible of a similar motion. 

In regard to the manner in which sound affects the mind, we must first observe 
that nt tlie interior entrance of the ear, which contains the different parts of the 
or^^an of lieaiiiig, there is a membiane extended like that of a drum, and which on 
that neeount i*s calkd the tympanum. It is very probalile that the vibrations of the 
air, produced b}- the sonorous body, excite vibrations in this membrane ; that these 
produce Minilar ones in the air with which the internal cavity of the ear is filled; 
and that the sound is increased by the peculicir coiislruction of the paits, and the 
circumvolutions both of the semicircular canals and of the helix: hence there is 
occasioned in the nerves that cover the helix, a motion which is transmitted to the 
brain, and by which the mind receives the perception of sound. Here however we 
must stop; for it is not po'-sible to ascertain how the motion of the nerves can affect 
the mind ; but it is sufficii nt for us to know, by experience, that the nerves are 
as it were the mediators between our spiritual part, and the external and sensible 
objects. 

Sound always ceases when the vibrations of the sonorous body cease, or become too 
weak. This is proved also by experiment, for when the vibrations of a sonorous 
body are damped by any soft body, the sound seems suddenly to cease. In a piano- 
forte, therefore, the quills arc furnished with bits of cloth, that by touching the 
strings when they fall down, they may damp their vibrations. On the other hand, 
when the sonorous body, by its natuic, is capable of continuing its vibrations for a 
considerable time, as is the case with a large bell, the sound may be beard for a long 
time after. 
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ARTICLB IT. 

On the Velocity of Sound ; experiments for determining it ; method of measuring 

distances by it. 

Light is transmitted from one place to another with incredible velocity ; but this 
is not the case with sound : the velocity of sound is very moderate, and may be mea- 
sured in the following manner. 

Let a cannon be placed at the distance of several thousand yards, and let an ob- 
server, with a pendulum that vibrates seconds, or rather half seconds, put the pendu- 
lum in motion as soon as he sees the flash, and then count the number of seconds or 
half seconds which elapse between that period and the moment when he hears the 
explosion. If is evident that, if the moment when the flash is seen be considered as 
the signal of the explosion, nothing will be necessary, to obtain the number of yards 
which the sound has passed over in a second, but to divide the number of the yards 
between the place of observation and the cannon, by the number of seconds or half 
seconds which have been counted. 

Now the moment when the flash is perceived, whatever be the distance, may be 
considered as the real moment of the explosion ; for so great is the velocity of light, 
that it employs scarcely a second to traverse COOOO leagues.* 

By similar experiments the members of the Royal Academy of Sciences found, that 
sound moved at the rate of 1172 Parisian feet in a second. Gassendus makes its 
velocity to be 1473 feet in a second ; Mersenne 1474; Duhamel, in the History of 
the Academy of Sciences, 1338; Newton 968; and Dcrham, in whose measure 
Flamsteed and Halley concurred, 1142. Though it is difficult to determine among 
so many authorities, the last estimate, viz. 1142 per second, has been generally adopted 
in this country. 

Reqent experiments on the velocity of sound, made with all the advantages of 
modern science, give results differing considerably from that of Dcrham ; and from 
the close agreement which they present, they seem entitled to great confidence. 

The results being reduced to the temperature of freezing, Arago and others found 
the velocity per second, in English feet, to be 1086' 1 ; Professor Moll and assistants, 
1089'42; Dr. O. Gregory 1088*05; Myrbach 1092'1 ; and Goldingham, at Madras, 
mean of two results 1084*9. 

It may therefore be stated, in round numbers, that, in dry air, at the freezing tem- 
perature, sound travels at the rate of 1090 feet in a second. 

“ That sounds, of all pitches and of every quality, travel with equal speed, we have 
a convincing proof in the performance of a rapid piece of music by a band at a dis- 
tancc. Were there the slightest difference of velocity in the sounds of different notes 
they could not reach our ears in the same precise order, and at the exact intervals of 
time, in which they are played ; nor would the component notes of a harmony, in 
which several sounds of different pitches concur, arrive at once.” — (Sir J. Herschel ; 
Sound, Encyc. Metrop.) 

Tt is to be observed that, according to Derham’s experiments, the temperature of 
the air, whether dry or moist, cold or hot, causes no variation in the velocity of 
sound. This philosopher had often an opportunity of seeing the flash and hearing 

* The velocity of the pai tides and rays of light is tnily astonishiii}*, as it amounts to nearly two 
hnudred thousand miles in a second of time, which is nearly a million times greater than the velocity 
ot a cannon-balL It bas been found, by repe.'ited experiments, that when the earth in exactly between 
Jupiter and the sun, his satellites are seen eclipsed minuses sooner than they could bo ai cord- 
ing to the tables ; but when the earth is nearly in the opposite point of its orbit, these ochpees 
happen about minutes later than the tables predict them : hence it is certain th.it the motion 
of light is not in'^tantancous, hut that it takes up about 10) minutes of time in passing over a space 
equal to the diameter of the earth's orbit, which is at least 190 millions of miles in length, or 
mo\es at the rat^ of nearly 200000 miles per second. Hence therefore light takes about 8j minutes 
in passing from the sun to the earth. 
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ths report of cannon fired at Blackheaih, nine or ten miles distant, from Upminster, 
the place of his residence ; but whatever might be the state of the weather, he always 
counted the same number of half seconds, between the moment of seeing the flash 
and that of hearing the report, unless any wind blew from either of these places ; in 
which case the number of the seconds varied from 111 to 112. It may be readily 
conceived, that if the wind impelled the fluid put into a state or vibration, towards 
the place of the observer, the vibrations would reach him sooner than if the fluid 
had been at rest, or had been impelled in a contrary direction. 

But notwithstanding what Dei ham has said, we can hardly be persuaded that the 
velocity of sound is not affected by the temperature of the air; for when the air is 
heated, and consequently more rarefied or elastic, the vibrations must be more rapid : 
observations on this subject ought to be carefully repeated. 

A remarkable instance of the effect of a low temperature and a dry atmosphere in 
facilitating the transmission of sound, is recorded in the account of Sir E. Parry^s 
voyage, in which he wintered at Port Bowen. On a particular occasion there was 
found no diff culty in making a man hear, at the distance of a mile, directions which 
were given in an oi dinary tone of voice. 

An inaccessible distance then may be measured by means of sound. For this pur- 
pose provide a pendulum that swings half seconds, which may be dene by suspending 
from a thread a ball of lead, half an inch in diameter, in such a manner, that there 
shall be exactly 9^ inche*', or between the centre of the hall and the point of sus- 
pension : then the moment you perceive (be flash of a cannon, oi musket, let go the 
pendulum, and count how many vibrations it makes till the instant when you bear 
the report ; if you then multiply this iiiiuiber by 571 feet, you will have the dis- 
tance of the place wbeie the musket or cannon was fired. 

We here su[)pose the weather to be calm, or that the wind blows only in a trans- 
versal direction ; for if the wind blows towards the observer fiom the place where 
the cannon or gun is filed, and if it be violent, us many times twelve feet as there 
have been counted half seconds must be added to the distance found ; and in the 
contrary case, that is to say, if the wind blows from the observer, towards the quarter 
where the explosion is made, they must be subti acted. It is well known that a 
violent wind makes the air move at the rate of about twenty-fom feet per second, 
which IS ncarl> the 48th part of the velocity of sound. If the wind he moderate, a 
90th may be added or subtracted , and if it be weak, but sensible, a 192nd : but this 
correction, especially in the latter case, seems to be superfluous ; for can we ever 
flatter ourselves that we have not erred a 192d part in the measuring of time ? 

This method may be employed to determine the distance of ships at sea, or in a 
harbour, wdien they fire guns, provided the flash can be seen, and the explosion heard. 
During a storm also, the distance of a thunder cloud may be determined in the same 
manner. But as a pendulum is not always to be obtained, its place may be sup- 
plied by observing the beats of the pulse, for when in its usual state, each interval 
between the pulsations is almost equal to a second; but when quick and elevated, 
each pulsation is equal to only two thiids of a second. 

ABTICLE III. 

How Sounds may be propagated in every direction without confusion. 

This is a very singular phenomenon in the propagation of sounds ; for if several 
persons speak at the same time, or play on instruments, their different sounds are 
heard simultaneously, or all together, either by one peison or by several persons, 
without being confounded in passing through the same place in different directions, 
or without damping each other. Let us endeavour to account for this phenomenon. 

The cause no doubt is to be found in the property of elastic bodies. For let us 
conceive a series of globules equally elastic, and all contiguous, and let us suppose 
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that a globule is impelled with any velocity whatever against the first of the series ; 
it is well known that in n very short time the motion will be transmitted to the 
other extremity, so that the last globule will have the same mo- 
Fig- 1. tion communicated to it aaif it had been itself immediately im- 
^ pelled. Now if two globules with unequal velocities impel at the 

i 2 extremities of the series, the globule a, for 

example, the extremity a, and the globule h the extremity b 
V (Fig. 1.), it is certain, from the well known properties of elastic 

bodies, that the globules a and after being a moment at rest, 
will be repelled, making an exchange of velocity, as if they had been immediately 
impelled against each other. 

If we suppose a second scries of globules, intersecting the former in a transversal 
direction, the motion of this second series will be transmitted by means of the com- 
mon globule, fiom one end to the other of this series, in the same manner as if it had 
been alone. The case w ill be the same if two, three, four, or more series cross the first 
one, either in the same point or in different points. The particular motion eom^ui- 
nicated to the beginning of each series will be transmitted to the other end, as li 
that scries were alone. 

This comparison may serve to shew how several sounds may be transmitted in 
all directions, by the help of the same medium ; but it must be allowed that there are 
some small diffeienccs. 

For, in the first place, we must not conceive the air, which is the vehicle of sound, 
to be composed of clastic globules, disposed in such regular senes as those lieic sup- 
posed ; each particle of air is no doubt in contact with several others ut the same 
time, and its motion is thereby communicated in every direction. lienee it hap- 
pens that the sound, which would reach to a very great distance almost without dimi- 
nution, if commuiiieated as heie supposed, experiences a eonsideiahle decrease, in 
proportion as it lecedes from the body which produced it. Though the movement 
by which sound is transmitted be more complex, there is reason to believe that it is 
reduced, in the last instance, to something similar to what has been here desenhed. 

The second ditfeience arises fiom the particles of air by which the organ of hear- 
ing is immediately affected, not having a movement of translation, like the last 
globule of the series, which proceeds with a greater or lesa velocity, in consequence 
of the shock that impels the other cxtrc^inity of the senes. ]3ut the movement 
in the air consists merely ot an undulation or vibration, which, in consequence 
of the elasticity of its aerian particles, is transmitted to the extremity of the series, 
Bueh as it was received at the other. It must be observed that the sonorous body 
communicates to the air, which it touches, vibrations isochronous with those which 
it experiences itself; and that the same vibrations arc tiansmitted from the one end 
to the other of the series, and always with the same velocity: for we arc taught by 
experience that a grave sound, ca leiis paribuSf does not employ moie time than an 
acute one to pass through a determinate space. 


ARTICLE IV. 

0/ Echoes ; how produced ; account of the most remarkable echoes^ and of some phe- 
nomena respecting them. 

Echoes are well known ; but however common this phenomenon may be, it must 
be allowed that the manner in which it is produced is still involved in considerable 
obscurity, and that the explanation given of it does not sufficiently account for all the 
circumstances attending it. 

All philosophers almost have ascribed the formation of echoes to a reflection of 
sound, similar to that experfenced by light, when it falls on a polished body. But, as 
D’Alembert observes, this explanation is false; for if it weie not, a polished surface 
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would be necessary to the production of an echo; and it is well known that this is 
not the case. Echoes indeed are frequently heard opposite to old walls, which are 
far from being polished ; near huge masses of rock, and in the neighbourhood of 
forests, and even of clouds. This reflection ot sound therefore is not of the same 
nature as that of light. 

It is evident however, that the formation of an echo can be asciibed only to the 
repercussion of sound ; for echoes are never heard but when «oniid is intercepted, 
and made to rebound by one or more obstacles. The most probable manner in wliicb 
this takes place, is as lollows. 

For the sake of illustration, we shall rcsumcoui comparison of the ath-ian inolcculiB to 
a series ofelastic globules. If a series of clastic globules then be infinite, it may readily 
be conceived, that the vibrations communicated to one end, will be always propagated 
in the same direction, and continually recede ; but if the end of the series rest against 
any fixed point, the last globule will re-act on the whole series, and commiin catc to 
it, in the eontrary diieetion, the same motion as it would have communicated lo tlic 
rest of the series, if it had not rested against a fixed point. This ought indeed to be 
the case whether the obstacle be in a line with the series, or oblique to it, provided 
the lu-t globule be kejit back by the neighbouring ones ; only with this di/Terenec, that 
the retro >nide motion will be stronger in the latter ea'^e, according as the obliquity is 
le‘-s. If the ac'rian and sonorous moleeiilte then rest against any point at one end ; and if 
the obstacle beat such a distance from the oiigin of the motion, that the diieet and le- 
percus'-ive motion shall nut make themselves sensible at the same insUnt. the car will 
distiii'Mii'-h the one fiom tlie other, and there will be an echo. 

Ilut we aie taught by exjierienee, (hat the ear does not distingiii'-h the succession 
of two soiinds, unless there be between them (he interval of at least one-twelfth 
of a second : tor during ilie most rapid movv ou nt of instrumental music, each 
measure of which cannot be estimated at less than a second,* twelve notes arc the 
utmost that can be coinpi elunded in a mea.^llle, to render the succession of sounds 
distinguishable ; consequently the obstacle wh.eh retleefs the sound must be at such 
a tli'^tance, that the levei Iieratcd sound shall not succeed the direct sound till after 
one-twelfth of a second; and as sound moves at the rate of about 1142 feet in a 
secend, .tiu^ coM'^equently about 95 feet in the twelfth of a '•ccond, it thence follows 
that, to render* the reverberated sound distinguisliable fioin the direct sound, the 
obstai’le must be at the distance at least of about 48 feet. 

There arc single and compound echoes. In the former only one re[>ctition of the 
sound IS heard ; in the latter there are 2, 3, 4, 5, i^c., repetitions. We are even told 
of echoes that ran repeat the same word 40 or 50 times. 

Single echoes aie those where there is only one obstacle: for the sound being 
impelled backwards, will continue its course in the same direction without returning; 
hut double, tiiple, or quadruple echoes may be produced difleient w’ays. If we 
suppose, for example, several walls one behind the other, the remotest being the 
highest ; and if each be so disposed as to produce an echo ; as many repetitions of the 
same sound as there are obstacles will be beard. 


Another way in which these 
JFig. 2. 

A ^ 


numerous repetitions may be produced, is as follows : 
Let us suppose two obstacles, a and b (Fig. 2*) op- 
posite to each other, and the productive cause of the 
sound to be placed between them, in the point s; the 


sound propagated in the direction from s to a, after 


returning from a to s, will be driven back by the obstacle b, and again return to s; 
having then traversed the space s a, it will experience a new lepercussion, which 


• If Q piece of mufuc, consisting of 60 nic»siiies, were executed lu a tniiiute, this, in our opinion, 
wuukl be a rapidity ul which tbi rc ate tow uistancta lu tlie art. 

2 B 
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will carry ii to p, ancr it Ijas struck the obstacle n; and this would be continued in 
infinitum if the sound did not always become wcdker. On the other hand, since the 
sound is propag-.itod as easily from a to « as fiom s to a, it will at first be scut back 
also from ji towards s ; having then passed over the space 8 a, it will he repelled from 
▲ towards s ; then again fioin b towards s, alter having traversed the distance s u, 
and so on in succession, till the sound dies entirely away. 

The sound therefore produced in s will be beard after times, wliicb may be ex- 
pressed l)y28A; 28B, 2SB-|-2SA;4sA-[-‘2sn; 48 b4-2sa; 4SA-|-4sn; 
68A+4^®*> CsB-|-4bA; Gsa4-6mb, &c. ; whieb will form a repetition of the 
sound after equal iuteivals, when s A is equal to s b, and even when su is double 
8 a; but when sa isa third, for example, of an, this remaikablc eiieiimstanee will 
take place, that after the first lepetition, there will be a kind of double silence; 
three repetitions w’ill then follow, at equal intervals; there will then be a silence 
double one of these intervals; then thiee repetitions after intervals equal to the 
former; and so on till the sound is quite extinguished. The dilferent ratios of the 
distances s a, s n, w’ill also give li^e to different irregularities in the succession of these 
sounds, w'liieh we have thought it our duty to notice, as being possible, though we 
do not know that they have been ever observed. 

Theie are some echoes that repeat several words in sneee.ssion ; hut this is not 
astonishing, and must alw'ays be the case when a peison is at such a distance from 
the echo, that there is sufficient tunc to pronounce several woids before the repetition 
of the first lias leacbed the ear. 

There are some eehots which have been iniicb celebrated on account of Ihtir 
aingularity, or of the number of times that they repeat the same word. Misson, in 
his Description of Hal}, speaks of an echo at the Villa Simonetta, w'hieh repealed 
the same w’ord 40 times. 

At Woodstock in Oxfordshiie, there is an echo which repeats the same sound 50 
times.* 

The description of an echo still more singular near Roseneath, some miles distant 
from Glasgow, may be found in the Philosophical Tiansaclions for the jear 1()98. If a 
person, placed at the proper distance, plaisBor 10 notes of an air with a trunipct, 
the echo faithfully repeats them, but a thud lower; alter a short silence another 
lepetition is heard in a tone still lowei ; and another short silence is followed b} a 
third repetition, in a tone a third lower. 

A similar phenomenon is perceived in certain halls ; where, if a person stands in a 
certain position, and pronounces a few words with a low' voice, the> arc heard only 
by another person standing in a determinate place. Musehcnbioeek speaks of a hall 
of this kind in the castle of Cleves; and most of those who have visited the Ob- 
servatory at Paris have experienced a similar phenomenon in the hall on the fiiot 
story. 

Philosophers unanimously agree in ascribing this phenomenon to the reflection 
of the sonorous rays; which, after diverging from the mouth of the speaker, are 
reflected in such a manner as to unite in another point. But it may be readily eon* 
ceived, say they, that as the sound by this union is concentrated in that point, a per- 
son whose ear is placed veiy near will hear it, though it cannot be beard by those 
who are at a distance. 

We do not know whether the hall in the castle of Cleves, ot which Muschen- 
broeck speaks, is elliptical, and whether the two points where the speaker and the 
person who listens ought to be placed are the two foci ; but in regard to the ball in 
the Observatoiy at Paris, this explanation is entiiely void of foundation. For, 

1st. The echoing hall or as it is called the Hall oj SecretSf is not at all elliptical ; 

* Thi** Heem^ to be a inistake : the echo at VVoo.lHtock, accordint; to Dr. Plat, lepeata in the day 

time very diHtinctly 17 Byllables, and in the night ume *2U.— A'a7. /list, of Oif. chap, i* p. 7. 
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it is an octagon, the walls of which at a certain hcj/>;ht are arched with what are 
called in architecture cloister arches; that is to say, by portions of a cylinder which, 
in meeting, form re-entering angles, that continue thobc formed by the sides of the 
octagonal plan. 

2d. The person who speaks does not stand at a moderate distance from the wall, 
as ought to be the case in order to make the voice proceed from one of the foci of the 
supposed ellipsis; he applies his mouth to one of the re-entering angles, very near 
the wall, and the peison whose ear is nearly at the same distance from the wall, on 
the side diametrically opposite, hears the one who speaks on the other side, even when 
he does so with a very low voice. 

It is therefore evident that, in this case, there is no reflection of the voice according 
in the laws of catoptrics; but the re-entering angle continued along the arch, from 
one side of the hall to the other, forms a sort of canal, which contains the voice, and 
transmits it to the other side. This phenomenon is entirely similar to that of a veiy 
long tube, to the end of which if a person applies his mouth and speaks, even with u 
low voice, he will be heard by a person at the other end. 

The Memoirs of the Academy of Sciences, for the year 1G92, speak of a very 
remarkable echo in the court of a gcntlemairs seat called Le Genetay, in the neigh- 
bourhood of Rouen. It is attended with this singular phenomenon, that a person 
who sbigs or speaks in a low tone, does not hear the repetition of the echo, but only 
his own voice ; while those who listen hear only the repetition of the echo, hut with 
surprising variations; for the echo scemis sometimes to approach and sometimes to 
recede, and at length ceases when the person who speaks removes to some distance 
in a certain direction. Sometimes only one voice is heard, sometimes several, and 
sometimes one is heard on the right, and another on the left. An explanation of all 
these phenomena, deduced from the semicircular form of the court, may he seen in 
the above collection. 


article V, 

Experiments respecting the vibrations of Musical Strings, which fotm the basis o' 
the theory of Music. 

If a string of metal or catgut, ^ch as is used for musical instruments, made fast at 
one of its extremities, be extended in a horizontal direction over a fixed bridge ; and 
if a weight be suspended from the other extremity, so as to stretch it; this string, 
when struck, will emit a sound produced by reciprocal vibrations, which are sensible 
to the sight. 

If the part of the string made to vibrate be shortened, and reduced to one half of 
its length, any person who has a musical ear will perceive, that the new sound is the 
octave of the former, that is to say twice as sharp. 

If the vibrating pait of the string be reduced to two thirds of its original length, 
the sound it emits will be the fifth of the first. 

If the length be reduced to three fourths, it will give the fourth of the first. 

If it be reduced to i, it will give the third major; if to j, the third minor. If re- 
duced to J, it will give what is called the tone major; if to ft, the tone minor; 
and if to the semi>tone, or that which in the gamut is between mi and fa or si 
and sol. 

The same results will be obtained if a string be fastened at both ends, and J, 
and J of it, be successively intercepted by ineans of a moveable bridge. 

A* this subject will be better understood if the reader has a clear idea of the rela- 
tion of the sounds in the diatonic progression, we shall here insert the following 
table. 

2b 2 
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Such is the result of n determinate degree of tension given to a string, when the 
length of it hns been made to vary. Let us now suppose that tjie length of the 
string is constantly the same, but that its degree of tension is varied. The following 
is whnt we are taught by experiment on this subject. 

If a weight be suspended at one end of a string of a determinate length, made fast 
by the other, and if the tone it emits be fixed ; when another weight quadruple 
of the first has been applied, the tone will be the octave of the former ; if the weight 
he nine times as heavy, the tone will be the octave of the fifth ; and if it be only a 
fourth part of the first the tone w'ill be the octave below. Nothing more is necessary 
to prove that the effect produced, by successively reducing a string to one half, f, 
&c., will be pioduccd also by suspending from it in succession weights in the ratio 
of 4 , }, &c. ; that is to say, the squares of the weights, or the degrees of tension, 

must be reciprocally as the squares of the lengths proper for emitting the same 
tones. 

Pythfigoias, we arc told, was led to ibis discovery by the following circumstance. 
Harmonious sounds procecduig from the hammers striking 011 an anvil in a smith’s 
shop happening one day to reneh his ear, while walking in the street, be entered the 
shop, and found, by weighing the hammers which had occasioned these sounds, that 
the one whicli gave the octave was exactly the half of that which produced the low'est 
lone ; that the one wdiich produced the fitth, was two thirds of it; and that the one 
vhich produced the third major, w'as four fifths. When be returned home, medi- 
tatip'T on this phenomenon, he extended a stiing, and after successively shortening it 
lo one half, tw’o tiiirds, and four fifths, perceived that it emitted sounds which were 
the octave, the fifth, and the third major of the tone emitted by the whole string. 
He tlien suspended weights from it, and found tliat those which gave the oetave, the 
fifth, and the third ma|or, ought to he respeetively as 4 , J, fj, to that which emitted 
the pmicipal tone; that is to sav, in the inverse ratio of the sqmiies of J, j, 

Wliatevcr may be the degree of credit due to this anecdote, whicli is appicciated 
as it deserves 111 the Hi«tory of the Mathematics, such were the first facts that enabled 
mathematicians to subject the musical intervals to calculation. The .sum of what 
the moderns have added to tliem, is as follows: 

It ean he demonstiated at present by the principles of mechanics: 

1 st. That it a string of a uniform diameter, extended by the .same weights, be 
lengthened or shortened, the velocity of its vibrations, in these two states, wdll be in 
the inverse ratio of the lengths. If this .string then be reduced to one half of its 
length, its vibrations will have a double velocity , that is to say, it will make two 
Vila at 10ns for one which it made before ; if it be reduced to two thirds, it wdll make 
three vibiations for two which it made before. When a string therefore performs 
two vibiations, while another performs one, the tones emitted by these strings will 
be octaves to each other; when one vibrates three times while another vibrates 
twice, the one wmII be the fifth to the other, and so on. 

2 d. The velocit y of the vibrations performed by a string, of a determinate length, 
and distended by different weights, is as the square roots of the stretching weights : 
quadruple weights therefore will produce double velocity, and consequently double 
the number of vilirations in the same time ; a nonciiple weight will produce vibra- 
tions of triple velocit3\ or a triple number in the same time. 

JId. If two strings, differing both in length and in weight, be stretched by different 
weights, the velocities of their vibrations will be as the square roots of the distending 
weights divided by the lengths and the W'cights of the strings : thus. If the string a, 
stretched by a weight of 6 pounds, w'eigh six grains, and be a foot in length ; while 
the string a, stretched by a weight of 10 pounds, weighs five grains, and is half a 
foot ill length ; the velocity of the vibiations of the former will be to that of the 
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vibrations of the latter, as the square root of 0 X 6 x 1 to that of 5 X 10 x that 
is, as the square root of 36, which is 6, to that of 25, or 5 : the first therefore will 
perform 6 vibrations while the second performs 5. 

From these discoveries it follows, that the acuteness or gravity of sounds, is 
merely the effect of the greater or less frequency of the vibrations of the string 
which produces them ; for since we know by experience, on the one hand, that a 
string when shortened, if subject to the same degree of tension, emits a more ele- 
vated tone ; and on the other, both by theory and experience, that its vibrations are 
more frequent the shorter it is, it is evident that it is only the greater frequency 
of the vibrations that can produce the effect of elevating the tone. 

It thence results also, that a double number of vibrations produces the octave 
of the tone produced by the single number ; that a triple number produces the octave 
of the fifth; a quadruple number, the double octave; a quintuple, the third major 
above the double octave, Sec. ; and if we descend to ratios less simple, three 
vibrations for two will produce the concord of fifth ; four for three, that of the 
fourth, &c. 

The ratios of tones therefore may be expressed, either by the lengths of the 
equally stretched strings which produce them, or by the ratio of the number of the 
vibrations performed by these strings; thus, if the principal tone be denoted by 1, the 
octave above is expressed mathematically by or by 2 ; the fifth by f or ^ ; the third 
major by | or &c. In the first case, the respective lengths of the strings are de- 
noted ; in the second, the respective numbers of vibrations. In calculation, the 
results will be the same, whichever method of denomination be adopted. 

PROBLEM. 

To determine the number of the vibrations made by a Uriny, of a yiven length and 

«i 2 C, and stretched by a given weight ; or, in other wofds, the numbet of the tdbra- 

tions which form any tone assigned. 

Hitherto wc have considered only the ratios of the number of the vibrations, 
performed by strings which give the different concords; hut a more curious, and tar 
more difficult problem, is, to find the real number of the vibrations performed by 
a string winch gives a certain determinale tone ; for it may be readily conceived that 
their velocity will not admit of their being counted. Geometry, however, with the 
help of mechanics, has found means to resolve this question, and the rule is as 
follows : 

Divide the stretching weight by that of the string ; multiply the quotient by the 
length of the pendulum that vibrates seconds, which at London is 39J inches, or 
469J lines, and divide the product by the length ot the string from the fixed point 
to the bridge ; extract the square root of this new quotient, and multiply it by the 
ratio of the cireumfercnee of the circle to the diameter, viz. 3,^ nearly, or the frac- 
tion in decimals 31410 nearly; the product will be the number of the vibrations 
performed by the string in the course of a second. 

Let a string of a foot and a half in length, for example, and weighing 8 grains, be 
•tretelied by a weight of 4 pounds Tioy weight, or 23040 grains: the quotient 
of 23040 divided by 8 is 2880 ; and as the length of the pendulum which swings 
seconds is 469J lines, the product of 2880 by this number will be 1352160; if this 
product be divided by 216, the lines in afoot and a half, we shall have 6260, the 
square root of which will be 79 1201 : this number multiplied by or 3 1416, gives 
248 563, which is the number of the vibrations made by the above string in the 
course of a second. 

A very ingenious method, invented by M. Sauveur, for finding the number ot 
those vibrations, may be seen in the Memoirs of the Academy of Sciences for 1700. 
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Having remarked, when two organ pistes, very low, and having tones very near to 
each other, were sounded at the same time, that a series ot* pulsations or beats was 
heard in the sounds ; by reflecting on the cause of this phenomenon, he found that 
these beats arose fiom the periodical meeting of the coincident vibrations of the two 
pipes. Ilencc he concluded, that if the number of these pulsations, which took 
place in a second, could be ascertained by a stop watch, and if it were possible also 
to determine, by the nature of the consonance of the two pipes, the ratio of the vi- 
brations which they made in the same time, he should be able to acertain the real 
number of the vibrations made by each. 

We shall here suppose, for example that two organ pipes are exactly tuned, the 
one to mt flat, and the other to mi , as it is well known that the interval between 
these two tones is a semi-tone minor, expressed by the ratio of 24 to 25, the higher pipe 
will perform 25 vibrations while the lower performs only 24 j so that at each 25th 
vibration of the former or 24th of the latter, there will be a pulsation ; if 6 pulsa- 
tions therefore are observed in the course of one second, we ought to conclude that 
24 vibrations of the one and 25 of the other are performed in the 10th part of a 
second: and consequently that the one performs 240 vibrations, and the other 250 
in the course of a second. 

M. Saveur made experiments according to this idea, and found that an open organ- 
pipe, 5 feet in length, makes lOO vibrations per second; consequently one of 4 
feet, which gives the triple octave below, and the lowest sound perceptible to the 
car, would make only 12 4: on the other hand, a pipe of one inch less being the 
shortest the sound ot which can be distinguished, will give in a second 0400 vibra- 
tions. The limits tlieieforc of the slowest and quickest vibrations, appreciable by 
the ear, are uecouling to M. Sauveur 12^ and 0400. 

We shall not enlarge farther on these detaiU, but proceed to a \ery curious phe- 
nomenon respecting strings 111 a state ot vibration. 

Make fast a string at both its extiemities, and by means of a bridge divide it into 
aliquot parts, for example 3 on the one .side, and 1 on the othL’r ; and put the 
larger part, that is to say llie J, ki a state of vibration , if the bridge absolutely inter- 
cepts all communication trom the one part to the other, these | of the string, as is well 
known, will give the tone of the fourth of the whole string; if | be intercepted, 
the tone will he the third major. 

But if the hiidge only prevents the w’hole of the string from vibrating, without 
intercepting the comrauniration of motion from the one part to the other, the greater 
part w'ili then emit only the same sound as the less ; and the J of the string, which 
in the former case gave the fourth of the whole string, will give only the double octave, 
w’hich IS the tone pioper to the fouith of the string. The case is the same if this 
fourth be struck ; its vibrations, by being communicated to the other three fourths, 
will make them sound, hut in such a mannei as to give only this double octave. 

The following reason, which may be rcndcied plain by an experiment, is assigned 
for this phenomenon: when the biidge absolutely intercepts all communication 
Letw'een the two parts of the string, the whole of the largest part vibrates together; 
and if it be J of the whole string, it makes, agreeably to the geneial law, 4 vibra- 
tions in the time that the whole string would make 3: its sound therefore is the 
fourth of the w hole string. 

But in the second case, the larger part of the string divides itself into as many 
portions a» the number of times it contains the less, which in the present example is 
3, and each of these portions, as well as the fourth, performs its particular vibrations: 
at the points of division, as b, c, d (Fig. 3.), there are established fixed points, 
between which the portions of the string a b, b c, cd, D e, each vibrate separately, 
forming alternate bendings in a contrary direction, as if these parts were alone and 
invariably fixed at their extremities. 
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This explanation is founded on a fact which M. Savour ren- 
3. dered sensible to the eyes in the presence of the Royal Academy 

A of Sciences. (‘‘Hist, de TAcad. aiinee 1700/’) On the 

C* points c and d (Fig. 3.), he placed small bits of paper; and 

having put the small part of the string A b in a state of vibra- 
tion, the vibrations being communicated to the remaining part B e, the spectators 
saw, with astoniabment, the small bits of paper placed on the points c and d remain 
motionless, while those placed on the other parts of the string were thrown down. 

If the part a b of the string, instead of being exactly an aliquot part of the re- 
mainder B F, be for example § of it, the whole string a e will divide itself into 7 por- 
tions, of which A B will contain two, and each of these portions will vibrate separatidy, 
and emit only that sound which belongs to the )f of the string. 

If the parts a b and b e be incommensuiable, they will emit a sound absolutely 
discordant, and which almost immediately ceases on account of the impossibility of 
bendings and invariable points of rest being established. 


article VI. 

Mtihod of adding, subtract multi plying , and dividing Concords, 

It lb ncce.sary for those who wihh to iniderstand the theory of music, to know what 
concords lesult from two or more concords, either when added or subti acted, &c , 
b^ each othci. For this reason ue shall give the following rules. 

PROBLEM I. 

To add one concord to another. 

Express the two concords by the fractions which represent them, and then mul- 
tiply these two tractions together ; that is to say, first the niimeratois, and then the 
d«.norninators ; the number thence produced will express the concord resulting from 
the sum of the two concoids given. 

Ecample 1. — Let it be required to add the fourth and fifth together. 

The expression for the fifth is ^ ; and that for the fourth J ; the product of these 
two is = J, being the expression for the octave. It is indeed well known that the 
octave IS composed of a filth and a fourth. 

Example 2. — What is the concord arising frpm the addition of the thud major and the 

third minor f 

The expression for the third major is and that of the third minor* is the pio- 
duct of which is jjg or which expresses the fifth ; and this concord indeed is com- 
posed of a third major and a third minor. 

Eidhiplc 3. — What is the concord produced by the addition of two tones major 

A tone major is expressed by J, consequently, to add two tones major, g must be 
multiplied by The pi oduct is a fraction less than or which expresses the 
thud major ; hence it follows, that the concord expressed by Jf is grfater than the 
tbiid major; and consequently two tones major are more than a third major, or foiin 
a third major false by excess. 

On the other baud, by adding two tones minor, which are each expressed by 
ft, it will be found that their sum ^ is greater than or which denotes the third 
major : two tones minor therefore, added together, make more than a third major. 
This third indeed is composed of a tone major and a tone minor, as may be proved by 
adding together the concords ^ and ft, which make ^§ = ft or 

It might be proved, in like manner, that two semi -tones major make more than a 
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tone major, rfftd two semi-tones minor less than even a tone minor ; and in the last 
place, that a semi-tone major and a semi-tone minor make exactly a tone minor 

PROBLEM II. 

To subtract one concord from another. 

Instead of multiplying together the fractions which express the given concords, 
they must here be divided; or invert that which expresses the concord to be 
subtracted from the other, and then multiply them together as before ; the product 
will give a fraction expressing the quotient, or concord required. 

Examjde 1. — What is the concord which results from the fifth subtracted fiom 

the octave 9 

The oxpres'^ion of the octave is J, that of the fifth w'hich inverted gives and 
if ] be multiplied by we shall have J, which expresses the fourth. 

Example 2. — What is the difference between the tone major and the tone minor? 

I'he tone major is expressed by § and the tone minor by which when inverted 
gives ; the product of g by is which expresses the ditference between the tone 
major and the tone minor : this is what is called the great comma. 

PROBLEM III. 

To double a concord., or to multiply it any number of times at pleasure. 

In this c,isc, nothing is ncccs'*ary but to raise the terms of the fi action, which 
exprc'sses the given concord, to tire power denoted by the number of times it is to be 
miiltiplicil ; that is, to the square if it is to be doubled, to flie cube if to be tiipled, 
and ‘SO on. 

Thus, the concord arising from the tone major tripled is for as the expression 
of the tone major is g, \vc ^hall have 8 X 8 x 8 = 512, and 9 X 9 X 9 = 729. This 
eoiieord ^^5 eorrespoiids to the interval between ut and a fa higher than fa sharp 
of the gamut. 

PROBLEM IV. 

To divide one concord by any number at pleasure f o^ to find a concord which shall 
be the half thirds ^c of a given concord. 

To answer this problem, take the fraction which expresses the given concord, and 
extract tliat root of it w'hich is denoted by the determinate divisor: that is to say, 
the square root, if the concord is to he divided into two; the cube root, if it is to 
be divided into three, &c. ; and this root W’ill express the concord required. 

Example As the octave is expressed by if the square root of it be extracted 

it will give ^ noarlj ; but is less than J, and greater than § ; consequently the 
middle of the octave is between the fourth and the fifth, or very near /a sharp. 


ARTICLE VII. 

Of the resonance of sonorous bodies ; the fundamental principle of harmony and 
melody; with some other harmonical phenomena. 

Expet tment 1. 

If you listen to the sound of a bell, especially when very grave, however in- 
ditfereiit youi ear may be, you will easily distinguish, besides the principal sound, 
several others more acute; but if you have an ear accustomed to appreciate the 
musical intervals, you will perceive that one of these sounds is the tw'elfth, or fifth 
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above the octave, and another the seventeenth major, or third major ab<fve the double 
octave. If' your ear be exceedingly delicate, you will distinguish also its octave, 
its double, and even its triple octave : the latter indeed arc somewhat more dilficult to 
be he^rd, because the octaves are almost confounded with the fundamental sound, in 
consequence of that nalurul sensation which makes us confound the octave with-unison. 

The same effect will he perceived if the how of a violoncello be stiongly rubbed 
against one of its large ‘'trings, or the string of a trumpet-marine. 

In short, if you have an experienced ear, you will be able to distinguish these 
different sounds, cither in the resonance of a string, or in that of any other sonorous 
body, and even in the voice. 

Another method of making thi<i experiment. 

Suspend a pair of tongs by a woollen or cotton cord, or any other kind of small 
string, and twisting the extiernities of it around the fore finger of each band, put 
these two lingers into your ears. If the lower part of the tongs be then struck, you 
will first hear a loud and grave sound, like that of a large bell at a distance ; and 
this tone will be accompanied by several others more acute ; among which, when 
they begin to die away, you will distinguish the twelfth and the seventeenth of the 
lowest tone. 

The truth of this phenomenon, in regard to the multiplicity of sounds, is con- 
firmed by another experiment, mentioned by Rameau, in his “ TTarmonictil Genera- 
tion.*’ If you take, says he, tho'»e stops of the organ called bourdon, prestant or 
flute, nazard and tieice, which form the octave, the twelfth and seventeenth major of 
the bourdon, and if you draw out in succession each of the other stops, while the 
bourdon alone is sounding, you will hear their sounds suecesaively mixed with each 
other; you may even distinguish them while they are all sounding together ; hut if 
you prelude for a moment, by way of amusement, on tbe same set of keys, and then 
return to tbe single key first touched, you will think you bear only one tone, that 
of the bourdon, tbe gravest of all which eorresponds to the sound of the whole 
system. 

Remark. — This experiment, respecting the resonance of bodies. Is not new. It 
was known to Dr. Wallis, and to Mersenne, who speak of it in theii works ; but it 
appeared to them a simple phenomenon, with the con^eejuemes of which they were 
entirely unacquainted. Rameau first discovered its use in deducing from it all the 
rules of nius.cal composition, which before had been founded on mere sentiment, and 
on experience, incapable of serving as a guide in all cases, and of accounting for every 
effect. It forms the basis of his Ihcoiyot fumlaiiiental b.iss, a system which has been 
opposed with much declamation, but which however most musicians seem at present 
to have adopted. 

All his hairaony then is multiple, and composed of sounds which would he produced 
by the aliquot parts of the sonorous body J, I, i, and we might add &c. But 
the weakness of the«»e sounds, which go on always decreasing in strength, renders it 
difficult to distinguish them. Rameau, how^ever, says that he could distinguish very 
phainly the sound expre.sscdhy which is the double octave of a sound divided nearly 
into two equal parts, being the interval between la and si flat below the firht octave ; 
he calls it a lost sound, ami totally excludes^ it from harmony. It would indeed he 
singularly discordant with all the sounds given by the fundamental tone. 

We must however observe that the celebrated Tartini, in regard to this sound, 
w'as not of the some opinion us Rameau. Instead of calling it a lost sound, he 
maintains that it may be employed in melody as well as harmony ; he distinguishes 
it by the name of the seventh consonant. But we shall have it to musicians to ap- 
preciate this idea of Tartini, whose celebrity in composition, as well as execution, 
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required a refutation of a ditferent kind, from that to be found at the end of a work 
printed in 1767, entitled ** IJistoire de la Miisique.’* 

Ejqjeriment 2. 

If you tune several strings to the octave, to the twelfth, and to the seventeenth 
major, of the determinate sound emitted by another string, both ascending and de- 
scending; as often as you make that which gives the determinate sound to resound 
stiongly, and with continuance, you will immediately see all the rest put themselves 
in a state of vibration : you will even hear those sound which are tuned lower, 
if care be taken to damp suddenly, by means of a soft body, the sound of the former. 

Most persons have heard the glasses on a table sound, when a person near them 
has been singing with a strong and a loud voice. The strings of an instrument 
though not touched, are often heard to sound, in consequence of the same cause, 
especially after swelling notes long continued. 

This phenomenon arises, no doubt, from the vibrations of the air being commu- 
nicated to the string, or to the sonorous body, elevated to the above tones ; for it may 
be easily conceived that the vibrations of strings, tuned to unison or to the octave, 
or to the twelfth, &c., of that put in motion, are disposed to recommence regularly, 
and at the same time as those of that string, one vibration corresponding to another, 
in the case of unison ; two to one, in ctise of the octave ; or three to one in that of 
the twelfth : the small impulsions therefore of the vibrating air, produced by the 
string put in motion, will always concur to increase those movements, at first insen- 
sible, which they have occasioned in the other strings ; because they will take place 
in the same direction, and will at length render them sensible. Thus a gentle breadth 
of air, continued always in the same direction, is at length able to elevate the waters 
of the ocean. But when the strings in question are stretched in such a manner, that 
their vibrations can have no correspondence with those of the string which is struck, 
they will in this case be sometimes assisted and sometimes opposed, and the small 
movement which cun be communicated to them, will be annihilated as soon as pro- 
duced, consequently they will remain at rest. 

Question. — Do the sounds heard with the principal sound deiivc their source imme-> 
diately fi ovi the sonorous body^ or do they reside only in the air or the organ ? 

It is very probable that the principal sound is the only one that deiives its origin 
immediately Iroin the vibrations of the sonorous body. Philosophers of eminence 
have endeavoured to discover whether, independently of the total vibiations made 
by the body, thcie arc not also pailial vibrations; but hitherto they have been able 
to observe only simple vibrations. Besides, how can it be conceived that the whole 
of a string should be in vibration, and that during its motion it should divide itself 
into two or three parts that perform also their distinct vibrations? 

It must then be said that these harmonical sounds of octave, twelfth, seventeenth, 
are in the air or the organ — both suppositions are probable, — for since a deter- 
minate sound has the property of putting into a state of vibration bodies disposed to 
give its octave, its twelfth, &c., we must allow that this sound may put in motion the 
particles of the air susceptible of vibrations of double, triple, quadruple, and quin- 
tuple velocity. What, however, appears most probable in this respect is, that these 
vibrations exist only in the ear : it seems indeed to be proved, by the aimtoiay of 
this organ, that sound is tiansniitted to the soul only by the vibrations of those ner- 
vous fibies which cover the interior part of the ear; and as they are of different 
lengths, there are always some of them which perform their vibrations isoclnonous 
to tliose of a given sound. But, at the same time, and in consequence of the pro- 
perty above mentioned, this sound must put in motion those fibres which aie suscep- 
tible of isochronous vibrations, and even these which ran make vibrations of double. 
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triple, quadruple, &c., velocity. Such, in our opinion, is the most probable explana- 
tion that can be given of this singular phenomenon. 

Experiment 3. 

For this experiment we are indebted to the celebrated Tartini of Padua. If you 
draw from two instruments, at the same time, any two sounds whatever, you will 
hear in the air a third, which will be the more perceptible the nearer your ear is 
placed to the middle of the distance between the two instruments. Let us suppose 
then, for example, two sounds which succeed each other in the order of consonanccb, 
as the octave and the twelfth, the double octave and the seventeenth major, &c. ; 
the sound lesulting, says Tartini, will be the octave of the principal sound. 

This expel iment was repeated in France with the same success, as we arc assured 
by M. Serres, in his “ Piincipcs de I’Harinonic,** printed in 1753; but with this ex- 
ception, that ]\I. Serres found the latter sound to be lower by an octave. As the 
octaves arc easily contounded, this difference needs excite no surprise. We must 
however here observe, that the celebrated musician of Padua established on this 
phenomenon a system of harmony and coinpo‘*ition ; but it does not seem to have met 
with so favourable a reciption a-> that of ilaineau. 

A.ITICI E Vlll. 

Of the dijferent systems of Music ; the Grecian and the Modern^ together with their 

pecultartiies, 

I. — Of the Grecian Music, 

Duiing the infancy of music among the Greeks, their lyre had four strings, the 
■sounds of which would have coriespondod to si, ut, re, mi ; but they alt erwards added 
other three fa, sol, la. The fust diatonic scale therefore of the Greeks, translated 
into our musical language, wda si, uf, re, mi, fa, sol, la, and was composed of two 
tetrachoids, or systems of four sounds, si, ul, re, mi ; mi, fa, sol, la : in which the 
last of the one and the first of the other w'ere common, and on this account they 
were called conjunct tetrachords, 

IVe must here observe that, however singular this dispo>ition of sounds mny ap- 
pear to those who are acquainted only with the modern diatonic order, it is no less 
natural and agreeable to the rules of harmony ; for Rameau has shewn that it is 
nothing else than a chant, the fundamental bass of w hich would be, sol, ut, sol, ut, fa, 
ut, fa. It possesses also the advantage of having only one altered interval, viz. the 
thiid minor from re to fa, which, instead of being in the latio ol 5 to G, is in tiiat of 
27 to 32; which is somewhat less, and consequently too low by a comma of fiom 
80to8L 

But this perfection in the Gieciaii gamut was counter-balanced by two great im- 
perfections, viz. 1st. that it did not complete the octave ; 2d. that it did not termi- 
nate by a rest, vvhich leaves to the ear that kind of uneasiness resulting from a song 
begun and not finished. It could neither ascend to si, nor descend to la; and there- 
fore the musicians who, to complete the octave, added the latter note below, con- 
sidered it to bo foreign, as we may say, and gave it the name of proslamhanomenos. 

For this reason they endeavoured to discover another remedy for this defect, and 
Pythagoras, as is said, proposed the succession of sounds mi, fa, sol, la ; si, ut, re, mi, 
composed, as it appears, of two disjunct tetrachords. This diatonic scale is almost the 
same as ours, with this difference, that ours begins and ends with the tonic note, 
while the former begins and ends with the inediante, or third major. This termina- 
tion, almost reprobated at present, was very common among the Gieeks, and is still 
so ill the chants or vocal music of our churches. 

But here, in consequence ot the harmonic generation, the values of the sounds and 
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intervals are not the same as in the first scale. In the first, the interval from sol to 
la was a tone minor, in the second it is a tone major. In the last place, according to 
this second arrangement there are three intervals altered or false, viz. the tierce 
major, from /a to /a, too high ; the tierce minor, from la to ut, too low ; and the fifth, 
from la to fwi, too high. These are the same faults as those of our diatonic scale ; 
but the temperament corrects them. 

To these sounds the Greeks afterwards added a conjunct tctrachord descending, s«, 
ttt, »c, mi, and another ascending, wi, /a, so/, la; by which they -nearly supplied all 
the wants of melody, so far as it was confined to one tone. Ptolemy speaks of a 
combination, by means of which they joined the second primitive tctrachord to the 
fii st, lowering the a semi-tone, which made si flat, ut, re^mi. This, no doubt, answered 
the purpose when tliey passed from the tone of ut to that of its lower fifth fa ; a tran- 
sition common in the Grecian music, as well as in our church music : for in that case a 
Si flat is required. Plutaich also speaks of a combination where the two last tetra- 
chords were disioined, by raising the Ja a semi-tone, and that no doubt of its lower 
octave. Who docs not here perceive our fa J}, which is necessary when we pass from 
the tone of vt to that of its upper fifth sol 9 The strings, which coriespondcd to si flat 
and fa sharp, were no doubt merely added, and not substituted in the room of si and fa. 

It is Well known that in the Giccian music there were three genera, viz. the dia- 
tonic, chromatic, and enharmonic. What has been hitherto said relates only to the 
diatonic. 

What characteiises the enharmonic is, that it employs, cither ascending or descend- 
ing, several semi-tones in succession. The ehromatic gamut of the Greeks was 
s/, ut. ut sharp, m/, fa, fa sh<irp, la. Tins disposition, hy whieh they passed imme- 
diately from ut sharp to »ii, omitting the re, must no doubt appear very strange; but 
it is eertain that this was the gamut employed by the Gieeks in the chromatic 
genus. It is however not known whether the Greeks had considerable pieees of 
iniisie of this kind, or whether, like us, they employed it only in very short passag»‘8 
of cantatas; for we also have a chromatic kind, though in a diffeient acceptation. 
This tiansition from semi-tones to semi-tones, is less natural than the diatonic suc- 
cession ; but it has more energy to express certain pcculiai sensations: the Italians 
therefore, who are great colorists in music, make frequent use of it in their airs 

In regard to the enharmonic music of the Greeks, though considered hy the an- 
cients as the most perfect kind, it is to us still an enigma. To give some idea of it, 
let us assume the sign as that of the eiibarmoiiic diesis or sharp, which raises the 
note a quarter of a tone : the enharmonic scale then was s/, si^, ut, mi, mi^.fa, la, 
where it appears that, after two-fouitbsofalone, from .st to ut, or from mt to fa, they 
pioceeded to mi or la. It can hardly be conceived how there could be ears so well 
exercised as to appreciate fourths of a tone, and even if we suppose that there were, 
what modulation could they make with these sounds? It is however very certain 
that this kind of music was long held in high estimation in Greece ; but on account 
of its diflTiculty it was at length abandoned, so that not even a fragment of Grecian 
music in the enharmonic kind has been handed down to us ; nor any in chromatic, 
though we have some in the diatonic. 

Wc must however here observe, that this enharmonic music of the Greeks is not 
perhaps so remote from nature as has been hitherto supposed; for does not Tartini, 
in proposing the use of his consonant seventh, which is nearly a mean sound between 
la and si flat, pretend that this intonation, la, ai'bb, si\ te, re, si^, ki, is not 
only supportable, but highly agreeable. Tartini does more; for he assigns to this 
succession the sounds of its bass,/a, wt, sol, SQl,ut,fa, marking ut with this sign W, 
which signifies consonant seventh. If this pretension of Tartini should find 
partizans, may we not say that the enharmonic music of the Greeks has been 
revived ? 
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It now remains that we should say a few words respecting the modes of the 
Grecian music. However obscure this matter may be, if we can believe the author 
of Histoire des Mathernatiques/’ who founds his ideas on certain tables of Ptolemy, 
these modes are nothing else than the tones of our music, and he gives the following 
comparison. 

The Dorian being taken hypothetically for the mode of it<, these modes, some 
lower than the Dorian and others higher, were : 


Th^ Hypodoiian corresponding to so/ 

The Hypophrygian la flat. 

The Hypophiygian arutior la 

The Hypolydian or lIypo-a‘hnn ..... si flat. 

The Hypolydian acutior s* 

The Dorian ut 

The lastian or Ionian ^ ut sharp. 

7'he Phrygian re 

The jHolian ..... re ‘shai p. 

The Lydian mi 

The Tlyperdorian fa 

7'he Hypei iastian or MixoJydtan fa sharp. 

The JJypermixolydian so/ the replicate of the first. 


Bui this question might be asked ■ If the difference of the Grecian modes con- 
ei^'ted in the gieatei oi les'» height of the tone of the modulation, how can we ex- 
j>l on what is told us of the ch.uacters of these different modes, some of which 
excited fury, otheis appeased it, &c. ? There is leason therefore to think that they 
depended on something mote; and it is not impiobable, that besides differences 
of tone, there was a character of modulation peculiar to each. The Phrygian, for 
example, which originated among a hardy and warlike people of that name, had a 
masculine and warlike character, while the Lydian, which was deiived from a soft 
and effeminate people, had an analogous character, and consequent!} was propci for 
calming the transports excited by tbc former. 

As w'e have heic said enough i expecting the Grecian music, we sliall now proceed 
to tlie modern. 


II. — Of the Modern Mus^ir. 

Every person acquainted with music knows, that the gamut, oi diatonic scale 
of the moderns, is represented by these sounds at, re, wii, /a, &o/, /a, st, ut, which 
complete the whole extent of the octave ;* and, we shall add, that from its genera- 
tion, as explained by Hamcau,it follows that bctw'een ut and re there is a tone major ; 
from re to mi, a lone minoi ; from mi iofan semi-tone major ; from fa to sol a tone 
major, as well as from sol to la ; from la to « a tone minor, and from si to ut a semi- 
tone mnjoi. 

Hence it is concluded, that in this scale there are three intervals which are not 
entirely just, viz., the third minor from re to fa^ and indeed, being composed of a 
tone minor and a semi-tone majoi, it is only in the ratio oi 27 to 32, which is some- 
what less, viz. an 80th, than that of 5 to 6, the just ratio of the sounds which com- 
pose the third minor. 

In like manner, the third major, from fa to /a, is too high, being composed of two 
tones major, whereas it ought to he composed of a tone major and u tone minor, to 


• Of the note* in the French scale i/#, re, m», /« , ifl. Jti, four only are generally 

Urt d among iis, as ml, fa, sol la, which arc applud to the scale in thia order, fa, sol, la, fa, sol, 
la, mi, fa, and express the nutuiAl series fiom c. it ihut little consequence howeTerwhich method 
he used ; the principles still n mum the same. 
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be exactly in the ratio of 4 to 5. In the last place, the third minor, from h to ut> 
is also altered, and for the same reason as that from re to/n. 

If this disposition of tones major and minor were nibitrary, they might no doubt 
be arranged in such a maimer tliat fewer intervals should be altered ; it would be 
sufficient for this purpose, to make the tone from ut to re minor, and that from re to 
mi major ; the tone from sol to la might also he made minor, and that from la to si 
major. For it will be found, that bj this method there would be no more than a 
single thiid altered ; whereas, according to the other disposition, there are three. 'I'his 
ciicumstance has given rise to disputes among the musicians respecting the disfiihu- 
tion of the tones minor and major; some being desirous, for example, that there 
should be a tone major between ut and re, and others a tone minor. The harmonic 
geneiatlon of the diatonic scale, as explained by Rameau, will npt however allow 
this disposition, hut only the foimcr, which is that indicated by nature; and not- 
withstanding its imperfections, which the temperament corrects in the execution, it 
is preferable to the first of the Grecian scabs, a scale very deficient, as it did not 
comprehend the wliole exient of the octavo; it is superior also to the second, mi, fa, 
soly &e., a‘*ciibod to Pythagoras, because its desinence, is more perfect, and conveys 
to the ear a rest, which is not in that of Pythagoras, on account of its fall on the 
tonic note, announced and preceded by the note «, the third of the fifth sol, the 
effect of which is so striking io onr inus*ical ears, that it has been distinguished by 
the name of the seitsihle note. 

Two mod(*s, pjoperly culled, arc known in music, the characters of which are 
exceedingly striking to curs possessed of anv imisic«il sensibility : theee are the major 
mode and the mnwr mode, 'I'hc iriajoi mode is, wlicn in the diatonic scale the third 
cf the tonic note is major; such is the third lioni ut to vii. The above gamut, or 
diatonic scale, therefore is in the major mode. 

Rut if the tliird of the tonic note he minor, it indicates the minor mode. Thi» 
mode has its scale as well as the major. Thus, for example, if we assume Ai as the 
tonic note, the scale of the minor mode ascending will lie la\ si, ut, re^ mi, fa, sol^, 
la. We here make use of the term ascending, hecause it is a singularitj of the m^ior 
mode, that its scale descending, is dilfeient fiom nbut it a‘?eending ; and indeed in 
descending wc oui>ht to suy la, sol, fa, rni, re, ut, si, la. If the tone were in ut, the 
ascending scale \vould he ut, re, mi ^,fa, sid, la si, ut, and descending ut si^, la *>, 
sol, fa, mi^i, re, ut. lUnce the reason why, in airs in the minor mode, w-e so often 
find, without the tone being changed, occidental flats or sharps, or naturals, which 
soon de-.troy theii effect, or that of those which ure in the clef. This is one of those 
singularities, ot the necessity of which the ear made miHicians sensible ; the cause of 
it however, which depends on the progress of tlie fundamental bass, was fiistex- 
plriined by Rameau. 

To these tw-o modes shall we add a third, proposed by ]\I. de Blaiiiville, under the 
name of the mixed mode, the generation and properties of which he explains in his 
History of :Music? His scale is mi, fa, sol, la, si, ut, re, mi. shall here only 

observe, that musicians do not seem to have given a very favourable reception to this 
new mode, and wc confess that we are not sufficiently versed in these matters to be 
able to decide whether they arc right or wrong. 

But however this may be, the character of the major mode is sprightliness and 
gaiety ; while in the minor mode there is something gloomy and sad, which renders 
it peculiarly fitted for expressions of that kind. 

The modern music has its genera as well as the ancient. The diatonic is the most 
common ; and is that most agreeable to what is pointed out by nature ; but the 
moderns have their chromatic also, and even in certain respects their enharmonic, 
though in a sense somewhat different from that assigned to these words by the 
ancients. 
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The modulution is chromatic when several senn-toncs are passed or ei in succe^aion, 
as if we should say fa^ mi^ mi^t re, or sol, faH, fa mi. It is very rare to have more 
than three or four semi-tones following each other in this manner ; yet in an air of 
the second act of la Zingara, or the Gypsey, an Italian intermede, thei c is a whole 
lower octave almost from ut to re in consecutive semi-tones. It is the longest chro- 
matic passage with whi(‘h we are acquainted. 

Rameau finds the origin of this progression in the nature of the fundamental bass, 
which, instead of proceeding from fifth to fifth, which is its natural movement, pro- 
ceeds from third to third. But it must here be remarked, that in the first passage 
from mi to there ought strictly to be only a semi-tone minor, and from to 
re a semi-tone major ; but the temperament and constitution of most instrumeiits, 
by confounding the rejf with mi^, divide into equal parts the interval from re to mi, 
and the eai is affected by them exactly in the same manner, especially by means of 
the accompaniment. 

There are two enharmonic genera, the one called the diatonic efihafmo?iic, and the 
other the chromatic enharmonic, but they are very rarely employed by musicians. 
These genera are not so culled because quarters of a tone are employed in them, as 
in the ancient enhaimonic; but because, from the progress of the fundamental bass, 
there result sounds, which, though taken one for the other, really differ a quarter of 
a tone, called by the ancients enhaimonic, or are in the ratio of 1^5 to 128. In I he 
diatonic enharmonic, the fundamental bass goes on alternately by fifths and thirds, 
and in the chromatic enharmonic it goes on alternately by third major and minor. 
This pi ogress. on introduces, both into the melody and the harmony, sounds winch, 
belonging neither to the principal tone nor its relatives, convey astonishment to the 
ear, and affect it in a harsh and extraordinary manner, but which arc proper for cer- 
tain terrible and violent expressions. It was for this reason that Rameau employed 
the diatonic cnliarmonic in the trio of the Fates, in his opera of Tftppoliius and Aricin ; 
and though was not able to get it executed, he was firmly persuaded that it would 
have produced a powerful effect, had he found performers disposed to fall into Ins 
ide^s, so that he suffered it to remain in the paititioii which wa«» printed. He mentions, 
as a piece of the enharmonic kind, a scene of the Italian opera of Corudnno, beginning 
with these w^oids, O iniqui Marmi! w’hich he says is admiiahle. Specimens of this 
genus are to be found also in two of his own pieces for the harpsichoid, the Tnum- 
phante and thn Enhatmonique, and he did not despair of being able to employ the ebro- 
matie enharmonic at least in symphonies. And why indeed might he not have done 
so, since Locatelli, in his first concertos, employed this genus, leaving the flats and 
sharps to exist, and distinguishing for example the re J} from mt'>. This, says a 
modern historian of music, M. de Blainville, is a piece truly infernal, which throws 
the soul into a violent state of apprehension and terror. 

We cannot terminate this article better than by giving a few specimens of the 
music of different nations. For this purpose we have given, on the opposite page, 
Grecian, Persian,. Chinese, Armeiiian and Tartar airs, which will serve to form an 
idea of the modulation that characterises the music of these people. 
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A.RTICLE IX. 

Musical Paradoxes. 

I. — It is impossible to intonate justly the following intervals, sol, ut, la, re, sol ; that is 
to say, the interval between sol and ut ascending, that from ut to la redescending 
from third minor, then ascending from fourth to re, and that between re and sol de- 
scending from fifth, and to make the second sol in unison with the first. 

It will be found indeed by calculation, that if the first sol be represented by 1, the 
ut, ascending from fourth, will be | ; consequently the la, descending from third 
minor, will be ^ ; the re above them will be H ; and in the last place these/, descend- 
ing from fifth, will be fj. But the sound represented by jj, is lower than that repre- 
sented by 1, therefore the last sol is lower than the first. 

But how comes it that experience is contrary to this calculation ? In answer to 
this question we shall observe, that the difference arises merely from th*e remem- 
brance of the first tone sol. If the ear however were not affected by this tone, and 
if the performer’s whole attention wcic directed to the just intonation of the above 
intervals, it is evident that he would end with a lower sol. It therefore often hap- 
pens that a voice, without an accompaniment, after having chanted a long ail, in 
which several tones are passed through, remains, in ending, higher or lower than the 
tone by which it began. 

This arises from the necessary alteration of some intervals in the diatonic scnle. 
In the preceding example, from la to ut, there is only a third minor in the latio of 
27 to 32, and not of 3 to 6 ; but it is the latter which is intonated if the voice be 
true and well exercised ; consequently the person w'ho chants, lowers by a comma 
more than is necessary, and therefore it is not astonishing that the last sol should 
always be lower, by a comma, than the first. 

II. — In instruments ennsttveted with hei/s, such as the hat psichord, it is vnpossihle that 

the thirds and the fifths should be both just. 

This may be easily demonstrated in the following manner. — Let thcie be n scries 
of tones, fifths to each other ascending, as ut, sol, re, la, mi ; if vt be denoted by 1, 
sol will be §, re la mi : this mi ought to form tlie third major with the double 
octave of ut or that is to say they ought to be in the ratio of I to oi of 3 to 4, 
or of 80 to 64; but this is not the case, for ] and aie to each other as 81 to 04: 
this mi therefore does not form the third major with the double octave of ut ; or if 
both are lowered from the double octave, ut and mi arc not thirds to each other, if 
mi is a just fifth to la. 

In instruments with keys then, such as the harpsicord, howevci well tuned, all the 
intervals, the octaves excepted, are either false or altered. This necessarily folio w's 
from the manner in which that instrument is tuned ; for when all the ut's are made 
octaves to each other, as they ought to be, the sol is made the fifth to uf, re tlic 
fifth to sol, and the octave is lowered, because it is too high ; la is then made the 
fifth to re, thus lowered, and mi the fifth to la, and this mi is lowered from octave. 
By coiitinuiiig in this manner to ascend twice fiom fifth, and then to descend 
from octave, the series of sounds st, fa, ut, so/fl;, re ft, /«#, mi% si JJ, are obtained. 
But the latter si JJ, which ought at most to be in unison with the ut, the octave of 
the first, is found to be higher; for calculation shews that it is expressed by 
which is less than ^ the value of the octave of ut : this renders necessary w^hat 
is called temperament, which consists in lowering gently and equally all the fifths, so 
that the latter «t#, is found to be exactly the octave of the first ut. Such at least is 
the method taught by Rameau, and it is no doubt the most rational. But whatever 
may be the method employed, it always consists in rejecting, in a more or less equal 
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manner from the notes of the octave, this excess of si above ut, which cannot be 
done without altering, in some measure, the fifths, thirds, dec. 

We have just seen that the st jty given by the progression of fifths, is higher than 
ut; but if the following progression of thirds be employed, ut, me, so/#, si #, this 
« # will be very different from the former ; for it will be found that it is expressed 
by while the octave of ut is But J is less than consequently this si # is 
below ut expressed by J, and the interval of these two sounds is expressed by the 
ratio of 128 to 125, which is the fourth of the enharmonic tone. 

III .— lower note, for example re, affected hy a sharp, is not the same thing as the 

higher note mi, affected by a flat ; and the case is the same with other notes which are 

a whole tone distant from each other. 

The sharps are generally given by the major mode, and even by the minor, pro- 
vided the sub-tonic note is not distant from the tonic more than a semi-tone major, as 
the si is from ut, in the tone of ut ; then, as from re to mi there is a tone minor, which 
is composed (>f a semi-tone major and a semi-tone minor, if we take away a semi- 
tone major, by which re # ought to be lower than mi, the remainder will be a semi- 
tone minor, by which the same re# ought to be higher than re. If the distance 
between the notes were a tone major, the sharp would raise the lower note by an 
interval equal to a semi-tone minor, plus a comma of 80 to 81, which is a mean semi- 
tone between the major and the minor. 

The note therefore is raised by the sharj) only a mean semi-tone, or a semi-tone 
minor. 

Flats are generally introduced in modulation by the minor mode, when it is neces- 
sary to lower the note a third, so that it ‘•hall form with the tonic a third minor . ml 
flat therefore ought to form with ut a third minor; consequently if from the third 
major ut mi, which is we take the thud rniiioi, which is the rcmaiiidci is the 
quantity which expresses how much the flat lowers them/ below the natural tone : mi 
flat then is higher than te sharp. 

Ill practice however the one is taken for the other, especially in instriinieiits con- 
structed with keys: the flat in these is loweied, and the sharps gradually raised, till 
they coincide with each other; and we do not know whether practice would gain 
much by making a distinction between them. 

ARTICLE X. 

On the cause of the pleasure arising f om music — The effects of it on man and on 

animals. 

It has often been asked, why two sounds, which form to each other the fifth and 
the third, excite pleasure, while the ear experiences a disagreeable sensation hy hear- 
ing sounds which are no more than a tone or a semi-tone distant from each other. 
Though it is difficult to answer this question, the following observations may tend to 
throw some light on it. 

Pleasure, wc are told, arises from the perception of relations, ns may be proved by 
various examples taken from the arts. The pleasuie therefore derived from music, 
consists in the perception of the relations of sounds. But are these relations suffi- 
ciently simple for the soul to perceive and distinguish their order? Sounds will 
please when heard together in a certain order; but on the other hand, they will dis- 
please if their relations are too complex, or if they aie absolutely destitute of order. 

This reasoning will be sufficiently proved by an enumeration of the known concords. 
In unison, the vibrations of two sounds continually coincide throughout the whole 
time of their duration ; this is the simplest kind of relation. Unison also is the first 
concord. In the octave, the two sounds, of which it is composed, perform their vi- 
brations in such a manner, that two of the one are corppletcd in the same time as 

2 c 2 
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one of the other. Thus unison is succeeded by the octave. It is so natural to man, 
that he who, through some defect in his voice, cannot reach a sound too grave or too 
acute, falls into the higher or lower octave. 

When the vibrations of two sounds are performed in such a manner, that three of 
the one correspond to one of the other, these give the simplest relation, next to 
those above mentioned. ' Who does not know, that the concord most agreeable to 
the ear is the twelfth, or the octave of the fifth? In this respect it even surpasses 
the fifth, the ratio of which, a little more compounded, is that of 2 to 3. 

Next to the fifth is the double octave of the third, or the seventeenth major, which 
is expressed by the ratio of 1 to 3. This concoid therefore, next to the twelfth, is 
the most agreeable ; and if it be lowered from the double octave, to obtain the third, 
it will still be in consonance ; the ratio of 4 to 5, by which it is then expressed, 
being very simple. 

In the last place the fourth, expressed by the third minor, expressed hy g, and 
the sixths, both major and minor, expressed by f and §, are concords, and foi the 
same reason. 

But it appears that all the other sounds, after these relations, are too complex for 
the soul to perceive their order : of this kind are the intervals called the tone major 
and the tone minor, expressed by g and and much more so the semi-tones rnaior 
and minor, expressed by and Such also arc the concords of third and fifth, 
how.'ver little they may be altered ; for the third major, raised a comma, is ex- 
pressed hy §5 ; and the fifth diminished by the came quantity, has for its expression 
IJ: in the last place, the tritone, as from ut to fa% is one of the most -agreeable 
discords, and is expressed by 

The following very strong objection however may be made to this icasoning. 
How can the pleasure arising from concords consist in the perception of relations, 
since the soul often docs not know whether such relations exist between the sounds? 
The most ignorant person is no less pleased with a harmonious concert than he \^ho 
has calculated the relation of all its parts: what has hitherto been said may there- 
fore be more ingenious than solid. 

Wc cannot help acknowledging that we are rather inclined to think so ; and it 
appears to us that the celehiated experiment on the resonance of sonorous bodies, 
may serve to account, in a still more plausible manner, for the pleasure arising from 
concords ; because, as every sound degenerates into mere noise, wlnni not accom- 
panied by its twelfth and its seventeenth major, besides its octaves, is it not evident 
that, when we combine any sound with its twelfth or its seventeenth major, oi with 
both at the same time, we only imitate the process of nature, by giving to that 
sound, in a fuller and more sensible manner, the accompaniment which nature itself 
gives it, and which cannot fail to please the ear on account of the habit it has ac- 
quired of hearing them together? This is so agreeable to truth, that there are only 
two primitive concords, the twelfth and the seventeenth major; and that the rest, 
as the fifth, the third major, the fourth, and the sixth, are derived from them. We 
know also that these two primitive concords are the most perfect of all, and that 
they form the most agreeable accompaniment that can be given to any sound ; though 
on the harpsichord, for example, to facilitate execution, the third major and the fifth 
itself, which with the octave form what is called perfect harmony, are substituted in 
their stead. But this harmony is perfect only by representation, and the most per- 
fect of all would be that in which the twelfth and the seventeenth were combined 
with the fundamental sound and its octaves. Rameau therefore adopted it as often 
as he could in his chorusses, and particularly in his Pygmalion. We might enlarge 
farther on this idea, 'but what has been already said will be sufficient foi every intel- 
ligent reader. 

Some very extraordinary things are related in regard to the effects produced by 
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the music of the ancients, which, on account of their singularity, we shall here men- 
tion. We shall then examine them more minutely, and shew that, in this respect, 
the modern music is not inferior to the ancient. 

Agamemnon, it is said, when he set out on the expedition against Troy, being 
desirous to secure the Hdelity of his wife, left her under the care of a Dorian mu- 
sician, who, by the effect of his airs, rendered fruitless, for a long time, the attempts 
of Aigisthus to obtain her affection; but that Prince having discovered the cause 
of her resistance, got the musician put to death, after which he triumphed without 
difficulty over the virtue of Clytemnestra. 

Wc are told also that, at a later period, Pythagoras composed songs or airs capable 
of curing the most violent passions, and of recalling men to the paths of virtue and 
moderation : while the physician prescribes draughts for curing bodily diseases, an 
able musician might theiefore prescribe an air tor rooting out a vicious passion. 

The stoi y of Timotheus, the director of the music of Alexander the Great, is 

well known One day, while the prince was at table, 'Piinotheus performed an air 

in the Phrygia.i mode, which made such an impression on him that, being already heated 
with wine, he tiew to his arms, and was going to attack his guests, had not Timotheus 
immediately changed the style of his performance to the Sub-Phrygian. This mode 
calmed the impetuous fury of the monarch, who resumed his place at table. This 
was the same Timotheus who, at Sparta, experienced the humiliation of seeing 
publicly suppressed four strings which he had added to his lyre. The severe Spar- 
tans thought that this innovation would tend to effeminate their manners, by intro- 
ducing a more extensive and more variegated kind of music. This at any rale proves 
that the Greeks were convinced that music had a peculiai influence on manners; and 
that it \%as the duly of govornmeut to keep a watchful eye over that ait. 

Who indeed can doubt that music is capable of producing such an effect ? Let us 
onl^ interrogate ourselves, and examine what have been our sensations on hearing a 
niiiji'stic or uailike piece of music, or a fender and pathetic aii sung or played with 
expression. Who does not feel that the latter tends as much to melt the soul, and 
dispose it to pleasure, as the former to rouse and exalt it? Several facts in regaid 
to tlic modern music place it on a level in this respect with the ancient. 

The modem music indeed has also had its Timotheus, who could excite or calm, 
at his pleasure, the most impetuous emotions. Henry III. king of France, says “ Le 
Jouriidl dc Saiicj,” having u concert on occasion of the marriage of the Duke de 
Joyeuse, Claudin le Jeunc, a celebrated musician of that period, executed certain 
airs, which liad such an effect on a young nobleman, that he drew his sword, and 
challenged every one near him to combat ; but Claudin, equally prudent as Timo- 
theus, instantly changed to an air, apparently Sub-Phrygian, which appeased the 
furious youth. 

But, what shall we say of Stradella, the celebrated composer, whose music made 
the daggers drop from the hands of his assassins ? Stradella having carried off the 
mistiesb of a Venetian muMcian, and retired with her to Rome, the Venetian hired 
three desperadoes to assassinate him; but -fortunately for Stradella, they had an ear 
sensible to harmony. These assassins, while waiting for a favourable opportunity 
to execute their purpose, entered the church of St. John de Lateran, during the per- 
formance of an Oratorio composed by the person whom they intended to destroy, and 
uere so affected by the music, that they abandoned their design, and even waited on 
the musician to forewarn him of his danger. Stradella, however, was not always so 
fortunate; other assassins, who apparently had no car for music, stabbed him some 
time after at Genoa: this event took place about the year 1670. 

Every person almost has heard that music is a cure for the bite of the tarantula. 
This cure, which was formerly considered as certain, has by some been contested ; 
but, however this may be, Father Schott, in his“Musuigia Curiosa," gives the 
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tarantula air, which appears to be very dull, as well as that employed by the Sicilian 
fishermen to entice the thunny fish into their nets. 

Various anecdotes are related respecting persons whose lives have been preserved, 
by music afiecting a sort of revolution in their constitutions. A woman being at- 
tacked for several months with the vapours, and confined to her apartment, had 
resolved to starve herself to death : she was however prevailed on, but not without 
difficulty, to see a representation of the Servo Padrona^ at the conclusion of which 
she found herself almost cured, and, renouncing her melancholy resolution, was en- 
tirely restored to health by a few more icprescntations of the like kind. 

There is a celebrated air in Switzerland, called Banz des Vaches, which had such 
an extraordinary effect on the Swiss troops in the French service, that they always 
fell into a deep melancholy when they heard it : Louis XIV. therefore forbade it ever 
to be played in France, under the pain of a severe penalty. We are told also 
of a Scotch air {Lochaber no more) which has a similar effect on the natives of 
Scotland. 

Most animals, and even insects, are not insensible to the pleasure of music. There 
arc few musicians perhaps who have not seen spiders suspend themselves by their 
threads in order to be near the instruments. We have several times had that satis- 
faction. We have seen a dog who, at an adagio of a sonata by Sennaliez, never 
failed to shew signs of attention, and some peculiar sensation by howling. 

The most singular fact however is that mentioned by Bonnet, in Ins History of 
Music. This author relates that an olficer, being shut up in the Bastile, had permis- 
sion to carry with him a lute, on uhich he was an excellent performer : but he had 
scarcely made use of it for thu’C or four days, when the mice issuing from their holes, 
and the spiders suspending themselves fiom the ceiling by their threads, assembled 
around him to participate in liis melody. His aversion to these animals made their visit 
at first di«ngrceul)le, and induced him to lay aside his recreation ; but he was soon so 
accustomed to them, that they became a source of amusement. We are informed by 
the same author, that he saw, in I(>88, at the country seat of Lord Portland, the 
English ambassador in Holland, n gallery in a stable, employed, as he was told, for 
giving a concert once a week to the horses, which seemed to be much affected by the 
music. This, it must be allowed, was carrying attention to horses to a veiy great 
length. But it is not improbable that this anecdote was told to Bonnet by some per- 
son, in order to make game of him. 

ARTICLE XI. 

Of the properties of certain Instrument s, and particularly Wind Instruments. 

I. We are perfectly well acquainted with the manner in which stringed instru- 
ments emit their sounds ; but erroneous ideas were long entertained in regard to 
wind instruments, such as the flute ; for the sound was ascribed to the interior sur- 
face of the tube. The celebrated Euler first rectified this error, and it results from 
bis researches : 

1st That the sound produced by a flute, is nothing else than that of the cylinder of 
air contained in it. 

2d. That the weight of the atmosphere which compresses it, acts the part of a 
stretching weight. 

3d. That the sound of this cylinder of air, is exactly the same as that which would 
be produced by a spring of the same mass and length, extended by a weight equal to 
that which compresses the base of the cylinder. 

This fact is confirmed by experiment and calculation : for Euler found that a cylin- 
der of air, of 7i Rhinlandish feet, at a time when the barometer is at a mean height, 
must give C — sol — ut ; and such is nearly the length of the open pipe of an organ 
which emits that sound. The reason of its being made generally 8 feet is, be- 



MUSICAL INSTRUMENTS. 391 

cause that length is required at those times when the weight of the atmosphere is 
greater. 

Since the weight of the atmosphere produces, in regard to the sounding cylinder 
of air, the same effect as that produced by the weight which stretches a string, the 
more that weight is increased, the more will the sound be elevated ; it is therefore 
observed that during serene warm weather, the tone of wind instruments is raised ; 
and that during cold and stormy weather it is lowered. These instruments also emit 
a higher sound, in proportion as they are heated ; because the mass of the cylinder 
of heated air becoming less, while the weight of the atmosphere remains unchanged, 
the case is exactly the same as if a string should become less, and be still stretched 
by the same weight: every body knows that such a string would emit a higher 
tone. 

T^ut as stringed instnimcnta must become lower, because the elasticity of the strings 
insensibly dec: cases, it thence follows that wind and stringed instruments, however 
well tuned they may be to each other, soon become discordant : for this reason the 
Italians never ndiiiit the former into their orchestras. 

IT. A very singular phenomenon is observed in regard to wind instruments, such as 
the flute ami huntsman’s horn: with a flute, for example, when all the holes are 
stopped, if you blow faintly into the mouth aperture, a certain tone will be pro- 
djjced; if you blow a little stronger, the tone instantly rises to the octave; and by 
blowing sucn ssively with more force, you will produce the twelfth, or fifth above the 
octave; then the double octave or seventeenth major. 

'rhe cause of this cHect is the division of the cylinder of air contained in the 
instrument : when you breathe into the flute gently, the whole column resounds, and 
it emit', tlie lowest tone; but if >oii endeavour, by a strongei inspiration, to make it 
perform quielier vibrations, it divides itself into two parts, which perform their vibra- 
tions separately, and which eoiisequeiitly must give the octave; a still stronger 
inspiration makes the column divide itself into three portions, which give the 
twelfth, !kc. 

IH. It rernairih for us to speak of the trumpet marine. This instrument is only a 
nionoehord of a singular construction, being composed of three boards that form a 
triangular body. It has a very long neck, and one thick string, mounted on a bridge, 
which is firm on the one side, and tremulous on the other. Jt is struck by a bow 
with one hand, and with the other the string is stopped or pressed on the neck by 
means of tlic tliiim)), applied to the divisions indicated for the different tones. The 
trembling of the bridge, when the string is struck, makes it imitate the sound of the 
trumpet ; and this it docs to such perfection that it is scarcely possible to distinguish 
the one from the other. Hence it had its name ; but whereas, in the common stringed 
instruments tlie tone becomes lower as the part of the string struck is longer, the 
rase here is the contrary ; for if the half of the string, for example, gives nt, the two 
thirds give the sol above, and the three fourths give the octave. 

M. Saveiir first assigned the reason of this singularity, and proved it in a sensible 
maimer, by shewing that when the string, by the gentle application of the finger, is 
divided into two parts which are to each other as 1 to 2, whatever part be touched, 
the greater immediately divides itself into two equal portions, which consequently 
perform their vibrations in the same time, and give the same sound as the less. But 
the less being the third of the whole, and the two thirds of the half, it must give 
the fifth or sol when the half gives ut. In like manner, the three fourths of the 
string divide themselves into three portions, each equal to the remaining fourth, and 
as they perform their vibrations separately they must emit the same sound, which 
can be only the octave of the half. The case is the same with the other sounds of the 
trumpet marine, which may be easily explained on the same principle. 
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article XU. 


Of a fixed Sound ; method of presennng and transmitting it. 


Before the effects of the temperature of the air on sound, and on the instruments 
by which it is produced, were known, this would not have formed the subject of a 
question, hut to the few possessed of an ear exceedingly fine and delicate, and in 
which the remembrance of a tone is perfect : to others no doubt would remain that 
a flute, not altered, would always give the same tone. Such an opinion however 
would be erroneous, and if the means of transmitting to St. Domingo, for exaniple, 
or to Quito, or only to posterity, the exact pitch of our opeia were requiied, to 
solve this problem would be attended with more difficulty than might at first be 
imagined. 

Notwithstanding what may be generally said in this respect, we shall here begin 
by a sort of paradox. It is every where said that the degree of the tone varies 
according to the weight of the atmosphere, or the height of the barometer. This 
we can by no means admit: and we flatter ourselves that we can prove the 
contrary. 

It has been demonstrated by the formulae of Euler, and no one entertains any 
doubt in regard to their truth, that if c represents the weight which cotnpi esses the 
column of air in a flute, l the length of that column, and w its weight, the number of 


the vibrations it makes will be expressed by s/ i** to the 

compound ratio of the square root of c, or the compressing weight taken directly, 
and the product of the length by the weight taken ihveiselv. Let us suppose then 
that the length of the column of air put in vibration is invariable, and that the gravity 
of the atmosplicre only, or o, is variable, as w’cll as the weight of the vibrating 
column. In this case we shall have the number of the vibrations proportional to 

the expression - . But the density of any stratum of air being proportional to 

the whole weight of that part of the atmospheie immediately above it, it thence 


follows that w, which in equal lengths is as the density, is aa c. The fraction ^ thcrc- 

w 

fore is constantly the same, when difference of heat docs not alter the density. The 
square root of — then is always the same ; consequently there will be no variation 

in the numbei of the vibrations, or in the tone, at whatever height in the atmosiihcre 
the instrument may be situated, or whatever be the gravity of the air, provided its 
temperature has not changed. 

This reasoning, in our opinion, is unanswerable ; and if the gravity of the air has 
hitherto been reckoned among those causes which alter the tone of wind instruments, 
it is because it has been implicitly believed that the w'cigbt of the column of air put in 
vibration is invariable. It is however evident that under the same temperature it 
must be more or less dense, according to the gi eater or less density of the atmo- 
sphere ; since it has a communication with the surrounding stratum of air, the density 
of which is proportional to that gravity. But the gravity in equal volumes is pro- 
portional to the density ; therefore, &c. 

Nothing then remains to be considered but the temperature of the air, which is 
the only cause that can produce variations in the tone of a wind iiistruiiient. But 
whatever may be the degree of heat or of cold, the tone might be fixed in the fol- 
lowing manner. For this purpose provide an instrument, such as a German flute, 
the cylinder of air in which can be lengthened or shortened by moving the joints closer 
to or farther from each other; and have another so constructed, as to reniaiu iiivu- 
liable, and which ought to be preserved in the same temperature, such as 54 degrees 
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of Fahrenheit’s thermometer. The first flute being at the same degree of tempera- 
ture. bring them both into perfect unison, and then heat the first to 74° degrees of 
Fahrenheit, which will necessarily communicate to the cylinder of air contained in it 
the same degree of heat, and lengthen it by the quantity necessary to restore perfect 
unison : it is evident that if this elongation were divided into twenty parts, each 
of them would represent the quantity by which the flute ought to be lengthened for 
each degree of Fahrenheit’s thermometer. 

But it may be readily conceived that the quantity of this elongation, which at 
most would be but a few lines, could not be divided into so many parts ; and there- 
fore it ought to be executed by the motion of a screw, that is to say one of the joints 
of the instrument should be screwed into the other ; for it would then be easy to make 
this elongation correspond to a whole revolution, and hence it might be divided into 
a great number of equal parts. 

By these means the opera at Lima, if required, where the heat frequently rises to 
110° of Fahrenheit’s thermometer, might be made to have exactly the same pitch or 
tone as at Paris. But this is sulficient on a subject the utility of which would not be 
worth the trouble ricccssary for attaining to such a degree of precision. 


article xni. 

Singular application of Music to a question in Mechanics^ 

This question was formerly proposed by Borelli ; and though we do not think that 
it can ai present be a buhjcct of controversy, it has occasioned some diilerence of 
opinion among a certain class of mechtuiicians. 

Fasten a string at one end to a fixed point; and having stretched it over a kind 
of bridge, suspend from it a weight, such as 10 pounds for example. 

Now, if instead of the fixed point, which maintains the string in its place in 
opposition to the action of the w'eight, a weight equal to the former be substituted, 
will the string in both cases be equally stretched’ 

We have no doubt that every well informed mechanician will readily believe that 
in both cases the tension will be the same ; and this necessarily follows fiom the prin- 
ciple of equality between action and re-action. According to this principle, the im- 
moveable point,* which in the first case counteracts the weight suspended from the 
other end of the string, opposes to it a resistance exactly equal to the action which 
it exercises: if a weight equal to the former be therefore substituted instead of the 
fixed point, every thing remains equal in regard to the tension experienced by the 
parts of the stiing, and which tends to separate them. 

But music furnishes us with a method of proving thi» truth to the reason, by means 
of the sense of hearing ; for as the tone is not altered while the tension remains the 
same, nothing is necessary but to make the following experiment. Take two strings 
of the same metal, and the same size, and having fastened one of them by one end to 
a fixed point, stretch it over a bridge, so os to intercept between it and the fixed 
point a determinate length, such as a foot for example ; and suspend from the other 
end of it a given weight, such as ten pounds. Then extend the second string over 
two bridges, afoot distant from each other, and suspend from each extremity of it a 
weight of ten pounds; if the tone of these two strings be the same, there will he 
reason to conclude that the tension also is the same. We do not know whether this 
experiment was ever made; but we will venture to assert that it will decide in 
favour of equality of tension. 

This ingenious application of music to mechanics, is tbc invention of Diderot, who 
proposed it in bis “ Memoires sur differentes sujels de Matheinatique et de Physique,” 
printed at Paris, in octavo, in the year 1748. 
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article xrv. 

Some singular considerations in regard to the Flats and Sharps, and to their progression 
on their different tones. 

Those in the least acquainted with music know that, according to the different keys 
employed in modulation, a certain number of sharps or flats are required ; because in 
the major mode, the diatonic scale, with whatever tone we begin, must be similar 
to that of lit, which is the simplest of all, as it has neither sharp nor flat. These 
flats or sharps have a singular progress, which deserves to be observed ; it is even 
susceptible of a sort of analysis, and as we may say algebraic calculation. 

To give some idea of it, wc shall first remark, that a flat may and ought to be con. 
sidcred as a negative sharp, since its effect is to lower the note a semUtone ; whereas 
the sharp raises it the same quantity. This consideration alone may serve to deter- 
mine all the sharps and flats of the different tones. 

It may be readily seen that when a melody in ut major is raised a fifth, or 
brought to the tone of so/, a sharp is required on the fa. It may therefore be thence 
concluded, that this modulation, lowered a fifth or brought to fa, will require a 
flat ; and indeed one is required on the si. 

It Hence follows also, that if the air be raised another fifth, that is to say to re, one 
sharp more will be required ; and this is the reason why two are necessary. But to 
rai'.e two fifths, and then descend an octave to approach the primitive tone, is to 
rise only one tone ; consequently to raise the air one tone, two sharps must be added. 
The tone of re indeed requires two sharps, and for the same reason the tone of mi 
requires four. 

Tlie tone of fa requires one flat, and that of mi requires four sharps ; therefore, 
when an air is raised a semi -tone, five flats must be added ; for, a flat being a negative 
sharp, it is evident that such a numbei of flats must be added to the four sharps of 
mi, ns shall e/Faco these four sharps, and leave one flat remaining; which cannot be 
done but by five flats ; for, accoiding to the language of analysis, — 5x must be added 
to 4t, to leave as remainder — jt. For the .same reason, if the modulation be lowered 
a serni-tone, five sharps must be added: thus, as the tone of ut has neither sharps 
nor flats, five sharps will be found necessary for si, which is indeed the case. If the 
modulation be still lowered a tone, to be in la, we must add two flats, in the same 
manner as two sharps are added when we rise a tone. But five sharps plus two flats, 
is the same thing as five sharps minus two sharps, or three sharps. We still find 
therefore, by this method, that the tone of la requires three sharps. 

But, before wc proceed farther, it will be necessary to observe, that all the chro- 
matic tones, that is to say all those inserted between the tones of the natural diatonic 
scale, may be considered as sharps or fiats ; for it is evident that ut # or re ^ are the 
same thing. It is very singular however, that according as this note is considered an 
inferior one affected by a sharp, or a superior one affected by a flat, the number of 
sharps required by the tone of the first, ut for example, and that of the flats re- 
quired by the tone of the second, re^, always make 12 ; which evidently arises from 
the division of^the octave into 12 semi- tones: therefore, since re *>, as above shewn, 
requires five flats, if, instead of this tone, we consider it as ut, seven sharps will be 
required ; but for the facility of execution it is much better, in the present case, to 
consider this tone as re b, than ut 

This change therefore ought always to be made when the number of the sharps 
exceeds six ; so that, since ten sharps, for example, would be found in the tone of 
la S, we must call it si b, and we shall have for that tone two flats, because two 
flats are the complement of ten sharps. On the other band, in following the pro- 
gression of the semi-tones descending, if we should find a greater number of sharps 
than 12, we ought to reject 12, and the remainder will he that of the tone proposed: 
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for example, as ut has neither sharp nor flat, we have five sharps for the lower tone 
St ; ten sharps for the semi-tone below ia ; fifteen sharps for the still lower semi- 
tone ia : if twelve sharps therefore be rejected, there will remain three, which are 
indeed the number of sharps necessary in the tone of A — mi— fa. 

The tone of sol ought to have 8 or 4 flats, if we call it fa b. 

The tone of sol will have 13 sharps, from which if 12 be deducted, one sharp will 
remain, as is well known. 

The tone of /a If will have 6 sharps, or 6 flats, if we call it so/b. 

The tone /a ought to have (5 flats plus 5 sharps ; that is to say, 1 flat, as the 5 
sharps destroy the same number of flats. 

That of mi will have 1 flat plus 5 sharps ; that is, 4 sharps, as the flat destroys one of 
them. 

That of re If will have 9 sharps or 3 flats, if it be considered as mi *>. 

That of re will have 14 sharps ; that is to say 2, by rejecting 12, or 3 flats plus 
5 sharps = 2 sharps. 

That of ut will have 7 sharps, or 5 flats, if we call it reb. 

In the last place, the tone ut natural will have 12 sharps; that is to say none, or 
5 flats plus 5 sharps, which destroy each other. 

The very same results would be obtained in ascending by semi-tone after semi- 
tone from wz, and adding 5 flats for each; taking rare to reject 12 when they 
exceed that number. Our leaders, by w'ay of amusement, may make the calcula- 
tion. By calculating the number of the fecinUtones, either ascending or descending, 
we might in like manner find that of the shaips or flats of any tone given. 

Let us take, for examnle, that of fa If: from ut ascending there are six semi- 
tones, and «ix times 5 flats makes 30 flats; from which if we deduct 24, a multiple 
of 12, the remainder will be 0: Wb tbercfoie will have 6 flats. 

The same is 0 tones lower than ut ; consequently there must be six times 5 or 
30 sharps; from which if *24 be deducted, 6 sharps will remain, as we have found 
by another method. 

The tone of sol is 5 semi tones lower than ut ; consequently there must be five 
times 5, ol* 25 sharps ; from which if 24 be deducted, there will remain only one 
sharp. 

As the same tone is 7 semi-tones higher than ut, there must be seven times 5 or 
35 flats; from which if 24 be deducted, the remainder will be 11 flats, that is to say 
one sharp. 

This progression appeared to us so curious as to be worthy of this notice ; but 
in order that it may be exhibited under a clearer and more favourable point of view, 
we shall form it into a table, which will at any rate be useful to those who at e 
beginning to play on the barpsichoid. For this purpose we shall present each 
chromatic note as flattened or sharpened, and on the left of the former we shall 
mark the sharps it requires, and the flats on the right of the latter. 


0 sharp 

ut* 

0 flats 

1 sharp 


sol ^ 


7 sharps ut If 

or 

rcb * 5 flats. 

8 sharps 

»olt 

or 

la * 4 flats. 

2 sharps 

re * 


3 sharps 


fa* 


9 sharps re If 

or 

mi'b 3 flats. 

10 sharps 

fa# 

or 

»b* 2 flats. 

4 sharps 

mi* 


5 sharps 


8t* 


11 sharps 

/«* 

1 flat. 

0 sharp 


ut* 

0 flat. 

6 sharps fa If 

or 

so/b* 6 flats. 






Of these tones, wre have marked those usually employed with a * ; for it may be 
easily conceived, that by employing re If under this form, we should have 9 sharps, 
which would give two notes with double sharps, viz. fa Iflf, ut ; bo that the gamut 
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woUi'd be re mi (( or /a, fa }((( or solt sol S, la si 0 or ut, ut or re^ re ; 
which it would be exceedingly difficult to execute: but by taking wu’b, instead of 
re }() we have only 3 flats, which renders the gamut much sinioler, as it then becomes 
mi^^ fa^ salj la^^ sijf, ut^ re, mib. 

W(i are almost inclined to ask pardon of our readers for having amused them with 
this frivolous speculation ; but we hope the title of our work will plead our excuse. 

ARTICLE XV. 

Method of improving BarreUimtrumenls, and of making them fit to execute airs of 

every kind. 

The mechanism of that instrument called the barrel organ, is well known. It con- 
sists of a great number of pipes, graduated according to the tones and semi-toiies 
of the octave, or at least those semi-tones which the jirogress of modulation in 
general requires. But these pipes never sound except when the wind of a bellows, 
kept in continual action, is made to penetrate to them by means of a valve. This 
valve is shut by a spring, and opened when necessary by a small lever, raised by 
spikes implanted in a wooden cylinder, which is put in motion by a crank. The crank 
serves also to move the bellows, winch must continually fuinish the air, destined 
to produce the different sounds by its introduction into thcpi[)es. 

But in order that the subject of this article may he properly comprehended, it will 
be necessary that the reader should have a perfect idea of the manner in which the 
notes are arranged on the cylinder. 

The diflferent small levers, which must be raised to produce the different tones, 
being placed at a certain distance from each other, that of half an inch for cxamiile, 
circular lines are traced out at that distance on the cylinder. One of these lines is 
intended for receiving the spikes that pioduce the sound ut, the next for those that 
sound wf the next for those that give re, and so on. There arc as nuiny lines of 
this kind as there are pipes; but it maybe easily conceived that the duration of an 
air or tune can not exceed one revolution of the cylinder. 

Let us suppose then that the air consists of twelve measures. Each of these cir- 
cumferences is divided into twelve equal parts at least, by twelve lines drawn 
parallel to the axis of the cylinder ; and if we suppose that the shortest note of the air 
is a quaver, and that the air is in triple time, denoted by J, each interval must be di- 
vided into six equal portions ; becau-^e, in this case, a measure will contain sixquaveis. 
Let us now suppose that the fust notes of the air are la, ut, si, re, ut, mi, re, &c., all 
equal notes, and all simple crotchets. At the beginning of the line for receiving the 
la, and of the first measure, a spike must be placed of such a construction as to 
keep raised up during the thiid of a measure the small level that makes the la sound ; 
then, in the line destined for the ut, at the end of the second division or beginning of the 
third, a spike similar to the first must be fixed in the cylinder; and in the line destined 
for the si, another of the same kind must be placed : it is evident that, when the 
cylinder begins to turn, the firs.t spike w'ill make la sound during the third of a mea- 
sure. The second, as the first thiid of the measure is elap^^ed, will catch the lever 
and make ut sound; and the third will in like manner make si sound during the last 
third. The instrument therefore will say la, ut, si, &c. 

If, instead of three crotchets, there were six quavers, which in this measure are the 
first long, the second short, the third long, and so on altei nately, which are called 
dotted quavers, it may be easily perceived, that, after the spikes of the first, third, and 
fifth notes have been fixed in the respective places of the division where they ought 
to be, nothing will be necessary but to take care that the spike of the first quaver, 
which in this time ought to be equal to a quaver and a half, shall have its head con- 
structed in such manner as to raise the lever during one part and a half of the six 
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divisions into which the measure is divided ; which may be done by giving it a tail 
behind of the necessary length. In regard to the short quavers, the spikes repre- 
scMiting them ought to be removed back half a division, and to be formed in such a 
manner as to keep the lever corresponding to them raised up only during the rcvolii- 
tion of a semi-division of the cylinder. By these examples it may be easily seen what 
must be done in the other cases, that is, when the notes have other values. 

Were the cylinder immoveable in the direction of its axis, only one air could be 
performed ; but as the spikes move the small levers merely by touching them beneath 
in a very narrow space, such as the breadth of a line at most, which is a niechaiiisra 
that may bo easily conceived, it will be readily seen that, by giving to the cylinder 
the small lateral motion of a line, none of the spikes can communicate motion to the 
levers. Another line therefore, to receive spikes arranged so as to produce a diffe- 
rent air, may be drawn close to each of the first set of lines, and the number of the 
different sets of lines may be six or seven, according to the interval between the first 
lines, which is the same as tliat between the middle of one pipe and the middle of the 
neighbouring one : by these means, if the cylinder be moved a Uttle in the direction 
ot its axis, the air may he changed. 

Such is the mechunisin of the hand or barrel organ, and other instruments con- 
structed on the same principle; hut it maybe easily seen that they arc attended with 
this inconvenience, that thev can perform only a very small number of airs. But as 
a series of five, six, eight, or a dozen of tunes, is soon exhausted, it might he a 
matter of some importance to discover u method by which they might be changed at 
pleasure. 

We agree in opinion with Diderot, w'hohas given some observations on this subject, 
ill the work above quoted, that this purjiose might be answered by constructing the 
cylinder in the lollovving manner. Let it be composed of a piece of solid wood, 
co\erod with a very hard cushion, and let the whole be pushed into a hollow cylinder, 
of about a line in thickness. f)n this inner cylinder draw the lines destined to re- 
ceive the spikes, placed at the pioper intervals for producing the dilfei cut tones ; 
and let holes ho jiierced in these lines at certain distances, six for example in each 
division of the measure if it be triple time, or eight in the measure if it he common 
time, denoted by c : we here suppose that no air i>, to be set that has shorter notes 
than plain quavers. Twelve holes per measure will be requiicd in the first case, 
and sixteen in the second, if the air contains semi-quavers. 

It may now be readily conceived that on a cylinder ot this kind any air whatever might 
be set ; nothing will he necessary for this purpose, but to thrust into the holes of the 
exterior cylinder spikes of the proper length, taking care to arrange them as above 
explained ; they will be sufficiently firm in their places in consequence of the elasticity 
of the cushion*, strongly compressed between the inner cjlinder and the hollow outer 
one. When the air is to be changed, the spikes may be drawn out, and put into a 
box divided into small cells, in the same nmnner as printing types when distributed 
in the cases. The interior cylinder may then be made to revolve a little, in order to 
separate the holes in the cushion from those in the exterior cylinder, and a new air 
may then be set with as much facility as the former. 

We shall not examine, with Diderot, all the advantages of such an instrument, be- 
cause it must be allowed that it never can be of much utility, and will have no value 
in the eyes of the musician. It is however certain that it would he agreeable, for 
those who possess such instruments, to be able to give more variety to the aiis they 
are capable of performing ; and this end would be answered by the construction here 
described. 


Might not cork be emplc'yed instead of the cushion here propooed t 
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ARTICLE XVI. 

Of Bome Musical Instruments, or Machines, remarkable for their singularity of 

construction. 

At tbe bead of all these musical instruments, or machines, we ought doubtless to 
place tbe organ; tbe extent and variety of the tones of which would excite much, 
more admiration, were it not so common in our churches ; for, besides the artifice 
necessary to produce the tones by means of keys, what ingenuity must have been 
required to contiive mechanism for giving that variety of character to the tones, which 
is obtained by means of the different stops, such as those called the voice stop, flute 
stop, &c. ? A complete description therefore of an organ, and of its construction, 
would be sufficient to occupy a large volume. 

The ancients had hydraulic organs, that is, organs the sound of which was occa- 
sioned by air produced by the motion of water. These machines were invented by 
Ctesibius of Alexandria, and his scholar Hero. From the description of these hydraulic 
organs given by Vitruvius, in the tenth book of his Architecture, Perrault con- 
structed one which he deposited in the King’s Library, where the iloyal Academy of 
Sciences held their sittings. This instrument indeed is not to he compared to the 
modern organs; but it is evident that the mechanism of it has served as a basis for 
that of ours. St. Jerome speaks with enthusiasm of an organ which had twelve pair 
of bellows, and which could be heard at the distance of a mile. It thence appears 
that the method employed by Ctesibius, to produce air to fill the wind box, was soon 
laid aside, for one more simple ; that is, for a paii of bellows. 

The performer on the tambour de basque, and the automaton flute-player of Vau- 
canson, which were exhibited and seen with admiration in most parts of Europe, in 
the year 1749, may be classed among the most eunous musical machines ever in- 
vented. "We shall not however say any thing of the former of these machines, be- 
cause the latter ajipcars to have been far more complex. 

The automaton flute-playei perfoimed several airs on the flute, with the preciMon 
and correctness of the most expert musician. It held the flute in the usual manner, 
aftd produced the tone by means of its mouth; while its fingers, applied on the 
holes, produced the different notes. It is well known how the hiigeis might be 
raised by spikes fixed in a cylinder, so as to produce these sounds ; but it is dilhcult 
to conceive how that part could be executed which is performed by the tongue, and 
without which the music would be very defective. Vaucanson indeed confesses that 
this motion in his machine was that which cost him the greatest labour. ’J’hose 
desirous of farther information on this subject may consult a small w'ork, in quaito, 
which Vaucanson published respecting these machines. 

A very convenient instrument for composers was invented some years ago in 
Germany : it consists of a harpsichord which, by certain machinery added to it, 
notes down any air or piece of music, while a person is playing it. This is a great 
advantage to composers, as it enables them, wdien hurried away by the fervour 
of their imagination, to preserve what has successively received from their fingers a 
fleeting existence, and what otherwise it would often be impossible for them to re- 
member. A description of this machine may be found in the Memoirs of the Aca- 
demy of Berlin, for the year 1773. 

ARTICLE XVII. 

Of a new instrument called the Harmonica, 

This new instrument was invented in America, by Dr. Franklin, who gave a 
description of it to Father Beccaria, which the latter published in his works, printed 
in 1773. 

It is well known that when the finger, a little moistened, is rubbed agfoinst the 



THS HARMONICA. 


399 


edge of a drinking glass* a sweet sound is produced; and that the tone varies 
according to the form, size, and thickness of the glass. The tone may be raised or 
lowered also by putting into the glass a greater or less quantity of water. Dr. 
Franklin says that an Irishman, named Puckeiidge, first conceived the idea, about 
twenty years before that time, of constructing an instrument with several glasses 
of this kind, adjusted to the various tones, and fixed to a stands in such a manner, that 
difiTererit airs could be played upon them. Mr. Puckeridge having been afterwards 
burnt in his house along with this instrument. Mr. Delaval constructed another 
of the same kind, with glasses better chosen, which he applied to the like purpose. 
Dr. Franklin, hearing this instrument, was so delighted with the sweetness of its 
tones, that he endeavoured to improve it; and the rijsult of his researches was the 
instrument which we are now going to describe. 

Cause to be blown on purpose glasses of different sizes, and of a form nearly 
hemispherical, having each in the middle an open neck. The thickness of the glass, 
near the edge, should be at most one tenth of. an inch, and ought to increase gradually 
to the neck, which in the largest glasses should be an inch in length, and an inch and 
a half in breadth in the inside. In regard to the dimensions of the glasses them- 
selves, the largest may be about nine inches in diameter at the mouth, and the least 
three inches, each glass decreasing in size a quarter of an inch. It will he proper to 
have five or six of the same diameter, in order that they may be more easily tuned to 
the proper tones ; for a very slight difference will be sufficient to make them vary 
a tone, and even a third. 

When these arrangements aie made, try the different glasses, in order to form 
of them a series of three or lour chromatic octaves. To elevate the tone, the edge 
towards the ncek ought to be ground, trying them every moment, for if tlicy be raised 
too high, it will afterwards be impossible to lowei tlicm. 

When the glasses have been thus graduated, thi‘y must be arranged on a common 
axis. For this purpose, put a cork stopper very closely into the neek of each, so as 
to project from it about half an ineh ; then make a hole of a proper size in all these 
corks, and thrust into them an iron axis, hut not with too much force, otherwise the 
necks might burst, Care must also be taken to place the glasses in such a manner, 
that then edges may be about an ineh distant from each other, which is nearly the 
distance between the middle of the keys of a harpsichord. 

To one of the extremities of the axis affix a wheel of about eighteen inches in 
diameter, loaded with a weight of from twenfy to twenty-five pounds, that it may 
retain for some time the motion communicated to it. This wheel, which must be 
turned by the same mechanism as that employed to turn a spinning wheel, commu- 
nicates, as it revolves, its motion to the axis, which rests in two coUais, one at the 
extremity, and the other at some distance from the wheel. The whole may he fitted 
into a box of the proper form, placed on a frame supported by foui feet. The glasses 
corresponding to the seven tones of the diatonic octave, may he painted of the seven 
prismatic colours in their natuial order, that the different tones to which they cor- 
respond may be more readily distinguished. 

The person who plays on this instrument, is seated before the row of glasses, as 
if hefoie the keys of a harpsichord; the glasses are slightly moistened, and the 
wheel being made to revolve, communicates the same motion to the glasses: the 
fingers arc then applied to the edges of the glasses, and the different sounds are by 
these means produced. It may be easily seen that different parts can be executed 
with this instrument, as u'itb the harpsichord. 

About fourteen or fifteen years ago, an English lady at Paris performed, it is said, 
exceedingly well on this instrument. The sounds it emits are remarkably sweet, 
and would be very proper as an accompaniment to certain tender and pathetic airs. 
It is attended with one advantage, which is, that the sounds can be maintained or 
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prolonged, and made to swell at pleasure ; and the instrument, when once tuned, 
never requires to be altered. It afforded great satisfaction to many amateurs ; but 
we have heaid that the sound, on account of its great sweetness, became at la^t 
somewhat insipid, and for this reason perhaps it is now laid aside, and confined to 
cabinets, among other musical curiosities. 

A few years ago, Dr. Chladni, who has made various researches respecting the 
theory of sound, and the vibrations of sonorous bodies,* invented a new kind of in* 
strunient of this kind, to which he gave the name of euphon. This instrument has 
sonje resemblance to a small writing desk, and contains in the inside 40 glass tubes 
of different colours, of the thickness of the barrel of a quill, and about sixteen 
inches iti length. They are wetted with water by means of a sponge, and stioked 
with the fingers in the direction of their length; so that the incieascof the tone 
depends merely on the stronger or weaker pressure, and the slower oi quicker move- 
ment of the fingers. In the back part there is a perpendicular sounding board, 
through which the tubes pass. In sweetness of sound, this instrument approaches 
near to harmonica ; but seems to be attended with advantages which the other does 
not possess. « 

1st. It is simpler, both in regard to its construction, and the movement necessary 
to pioduce the sound; as neither turning nor stopping is required, but mcicly the 
motion of the finger. 

‘id. It produces its sound more speedily; so that as soon as touched the tone may 
be made as full as the instiument is capable of giving it: whereas in the harmonica 
the tones, and paiticularly the lower ones, must be made to increase gradually. 

3d. It has more distinctness in quick passages, because the tones do not resound 
so long as in the harmonica, where the sound of one low tone is often heaid w'lieii 
jou wish only to hear the following one. 

4th. The unison i^ purer than is generally the case in the harmonica ; where it is 
difficult to have pci feet glasses, which in every part give like tones with mathemati- 
cal exactness. It is however aa difficult to be tuned as the harmonica. 

5th. It does not affect the nerves of the perfonner ; tor a person scarcely feels a 
weak agitation in the fingers; whereas in the harmonica, particularly in concoids of 
the lower notes, the agitation extends to the arms, and even through the whole body 
of the performer. 

Otli. The ex]>ense of this instrument will be much less than that of the harmonica. 

7th. When one of the tubes breaks, or any other part is deranged, it can be easily 
repaiied: whereas when one of the glasses of the harmonica breaks, it requires 
much time, and is difficult to procure another capable of giving the same tone as 
the formci, and which will correspond sufficiently with the rest. 

For farther particulars respecting this instrument, and the history of its invention, 
see “ The Philosophical Magazine,’’ No. 8, or vol. ii. p. 391, 

ARTICLE XVIII. 

Of some singular ideas in regard to Music. 

1st. One perhaps w'onld scarcely believe it possible for a person to compose 
an air, though entirely ignorant of music, or at least of composition. This secret, 
however, was published a few years ago in a small work ^entitled “ Le Jcu Dez 
Harmonique,” or “ Ludus Melothedicus,'* containing various calculations, by means 
of which any person, even ignorant of music, may compose minuets, with the accom- 
paniment of a bass. 8vo. Paris 1757* In this work, the author shows how a minuet 

* lie published a work on this subject entitled, * Eutdeckungen uber die Theone des Klonges.** 

Lei|>bic, 1787. 4to 
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and it» bass may be composed, according to the points thrown with two dice, by 
means of certain tables* 

This author gives a method also of performing the same thing by means of a puck 
of cards. We do not remember the title of this work ; and we confess that we 
ought to attach no more importance to it than the author does himself. 

We shall therefore content ourselves with having mentioned works to which the 
reader may have recourse for information respecting this kind of amusement, the 
combination of which must have% 08 t more labour than the subject deserved. We 
shall however observe, that this author published another work, entitled ** Invention 
d’une Manufacture et Fabrique de Vers au petit metier," &c. 8vo. 1759, in which 
he taught a method of answering, in Latin verse, by means of two dice and cer- 
tain tables, any question proposed. This, it must be confessed, was expending 
much labour to little purpose. 

2d. A physician of Lorrain, some years ago, published a small treatise, in which he 
employed music in determining the state of the pulse. He represented the beats of 
a regular pulse by minuet time, and those of the other kinds of pulse by different mea- 
sures, more or less accelerated. If this method of medical practice should be intro- 
duced, it will be a curious spectacle to see a disciple of Hippocrates feeling the pulse 
of his patient by the sound of an instrument, and trying airs analogous by their time 
to the motion of his pulse, in order to discover its quality. If all other diseases 
should baffle the physician's skill, there is reason to beheve that low spirits will not 
be able to withstand such a practice. 


ARTICLE XIX. 


On the Figure* formed by Sand and other light substnnee* on vibrating Burfacei, 
Dr. Chladni of Wittenberg, by his experiments on vibrating surfaces, published 
in 17B7, opened a new field in this department of science, viz., the consideration of the 
curves formed by sand and other light bodies, on surfaces put into a state of motion. 
As this subject is curious, and seems worthy of farther research, we shall present the 
reader with a few observations on the method of repeating these experiments, 
taken from Gren’s Journal of Natural Philosophy, vol. iii.* 

Vibration figures, as they arc called, are produced on vibrating surfaces, because 
some parts of these surfaces are at rest, and others in motion. The surfaces fittest for 
being made to vibrate, are panes of glass ; though the experiments will succeed equally 
well with plates of metal, or pieces of board, a line or two in thickness. If the surface 
of any of these bodies be strewed over with substances easily put in motion ; such for 
example as fine sand ; these, during the vibration of the body, will remain on the 
parts at rest, and be thrown from the parts in motion, so as to form mathematical 
figures. To produce such figures, nothing is necessary but to know the method of 
bringing that part of the surface, which you wish not to vibrate, into a state of 


rest ; and of putting in motion that which yon wish to vibrate ; on this depends the 
whole expertness of producing vibration figures. 



Those who have never tried these experiments might 
imagine, that to produce Fig. 4. it would be necessary 
to damp, in particular, every point of the part to be kept at 
rest, viz., the two concentric circles and the diameter, and to 
put in motion every part intended to vibrate. This however 
is not the case ; for you need damp only the points a and 5, 
and cause to vibrate one part e, at the edge of the plate ; 
for the motion is soon communicated to the other parity 


* See also Phil. Mag. No. IS. 

2 D 
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which you wish to vibrate, and the required figure will in this ^manner be 
produced. 4^, 

The damping may be best effected by laying hold of the place to be dampeu,^ be- 
tween two fingers, or by supporting it only by one fing j’er. 
This will be more clearly comprehended by turning to'* 
Fig. 5., where the hand is represented in that position 
necessary to hold the plate. In order to produce Fig. 6, 
you must hold the plate horizontally, placing the thumb 
above at with the second finger directly below it; and 


Bg. 5, 



Fig» 6. besides this, you must support the point b on the under 

side of the plate. If the bow of a violin be then rubbed 

O against the plate at c, you will produce on the glass the 

figure which is d<dineated Fig. 6. When the point to be 
supported or damped lies too near the centre of the 
plate, you may rest it on a cork, not too broad at the 
end, brought into contact with the glass in such a manner, as to supply the place 
of the finger. If is convenient also, when you wish to damp several points at the 
circumference of the glass, to place your thumb on the cork, 
and to use the rest of your fingers for touching the parts which 
— you wish to keep at rest. For example, if you wish to produce 
c M Fig. 7. on an elliptic plate, the larger axis of which is to the 

less as 4 to 3, you must place the cork under c, the centre of the 

plate ; put your thumb upon this point, and then damp the two 

points of the edge p and q, as may be seen Fig. 8., and make 

^g> 6* the plate to vibrate by rubbing the violin bow against it at r. 

There is still another convenient method of damping several 

points af the edge, when large plates are employed. Fig. 9. re- 
presents a strong square bit of metal a ft, a line in circumference, 
which is screwed to the edge of the table, or made fast in any 
other manner ; and a notch, about as broad as the edge ot the 
9- plate, is cut into one side of it with a file. You then hold the 

c ^ plate resting against this bit of metal, by two or more fingers 

when requisite, as at c and d ; by which means the edge of the 
I r/^ ^ - plate will be damped in three points rf, c, e ; and in this manner, 

/ ' ^ putting the vibration at /, you can produce Fig. 10. In 

cases of necessity you may use the edge of a table, instead 
Bg» 10. of the bit of metal ; but it will not answer the purpose so 

/ \ \ To produce the vibration at any required place, a common 

I \ \ violin bow, rubbed with rosin, is the most proper instrument to 

I \ / be employed. The hair must not be too slack, because it is 

V \ / / sometimes necessary to press pretty hard on the plate, in order 

^ to produce the tone sooner. 

When you wish to produce any particular figure, you must 


Bg.U. 



first form it in idea on the plate, in order that you may be able 
to determine where a line at rest, and where a vibrating part, 
will occur. The greatest rest will always be where two or 
more lines intersect each other, and such places must in par- 
ticular he damped. For example, in Fig. 11. you must damp 
the part n, and stroke with the bow in p. Fig. 12. may be 
produced with no less ease, if you hold the plate at r, and 
stroke with the bow at /. The strongest vibration seems 
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always to be in that part of the edge which is bounded by a 
curve : for example, in Fig. 8. and Fig. 2. at n. To produce 
these figures, therefore, you must rub with the bow at n, and 
not at r. 

You must however damp, not only those points where two 
lines intersect each other, but endeavour to support at least one 
which is suited to that figure, and to no other. For example, 
when you support a and A, Fig. 4., and rub with the bow at c. 
Fig. 11. also may be produced ; because both these figures have 
these two points at rest. To produce Fig. 4., you must support 
with one finger the part e, and rub with the bow in c ; but Fig. 
11. cannot be produced in this manner, because it has not the 
^oint e at rest. 

One of the greatest difficulties in producing the figures, is to 
determine before-hand the vibrating and resting points which 
belong to a certain figure, and to no other. Hence, when one is 
not able to damp those points which distinguish one figure from 
another, if tlie violin bow be rubbed against the plate, several 
hollow tones are heard, without the sand forming itself as ex- 
pected. You must therefore acquire by experience a readiness, in being able to search 
out among these tones that which belongs to the required figure, and to produce it 
on the plate by rubbing the bow against it. When you have acquired sufficient 
expertness in this respect, you can deteimine beforc-hand, with a considerable degree 
of certainty, the figures to be produced, and even the most difficult. It may be 
easily conceived, that you must not forget what part of the plate, and in what man- 
ner, you damped ; and you may mark these points by making a scratch on the plate 
with a bit of flint. 

When the plate has acquired the proper vibration, you must endeavour to keep it 
in that state for some seconds ; which can be best done by rubbing the bow against 
it several times in succession. By these means the sand will be formed much more 
accurately. 

Any sort of glass may be employed for these experiments, provided its surface be 
smooth ; otherwise the sand will fall into the hollow parts, or be thrown about 
in an irregular manner. Common glass plates, when cut with a stone, are very sharp 
on the edge, and would soon destroy the hair of the violin bow : on this account 
the edge must be rendered somewhat smooth, by means of a file, or a piece of coarse 
hard free-stone. 

You must endeavour to procure such plates as are pretty uniform in thickness ; and 
you ought to have them of different sizes ; such as circular ones of from four to 
twelve inches in diameter. You must not employ sand too fine, but rather that 
which is somewhat coarse. The plate must be equally strewed with it, and not too 
thick ; as the lines will then be exceedingly fine, and the figures will acquire a better 
defined appearance. 


Fig, 12. 
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PART SIXTH. 

CONTAINING THE EASIEST AND MOST CURIOUS PROBLEMS, AS WELL AS 
THE MOST INTERESTING TRUTHS, IN ASTRONOMY AND GEOGRAPHY, 
BOTH MATHEMATICAL AND PHYSICAL. 


Or all the parts of the mathematics, none are better calculated to excite curiosity 
than astronomy and its different branches. Nothing indeed can be a stronger proof 
of the power and dignity of the human mind, than its having been able to raise 
itself to such abstiact knowledge as to discover the causes of the phenomena 
exhibited by the revolution of the heavenly bodies; the real construction of the 
universe ; the respective distances of the bodies which compose it, &c. At all times 
therefore this study has been considered as one of the sublimcst efforts of genius ; and 
Ovid himself, though a poet, never expresses his thoughts on this subject but with 
a sort of enthusiasm. Thus, when speaking of the erect posture of man, he says: 

Ciinctaquc cum spcctent animalia ctetera terram, 

08 liomtni sublime dedit, ca'iumquc hioti 
Ju88it, etcroctos in sidera tollere vultus. 

Metamorph. Lib 1. 


In another place, speaking of astronomers, he says: 

Felices anitnsel quibusheec cognoscere p'inus, 

Inque domos suporos ucandere cura fiiit. 

Credibile est iiloa pariter vititsque, jocuque, 

Altius humania exeruuwe caput. 

Non TCDUB aut vinum Rublimia pcctora fTegit, 

Officiumve fori, militiosyo labor; 

Nec levis ambitio perfusaque gloria fuco, 

Magnorumve fames sollicitavit opum. 

Admovere oculis distuntia sidera itostns, 

ABtheTaquo ingenio suppoBuerc suo. 

If astronomy at that period excited admiration, what ought it not do at present, 
when the knowledge of this science is far more extensive and certain than that of the 
ancients, who, as we may say, were acquainted only with the rudiments of it ! How 
great would have been the enthusiasm of the poet, bow sublime his expressions, had be 
foreseen only a part of the discoveries which the sagacity of the moderns has enabled 
them to make with the assistance of the telescope ! The moons which surround Jupi- 
ter and Saturn; the singular ring that accompanies thelatter ; the rotation of the sun and 
planets around their axes ; the various motions of the earth ; its immense distance from 
the sun ; the still more incredible distance of the fixed stars ; the regular course of the 
comets ; the discovery of new planets and* comets ; and in the last place, the arrange- 
ment of all the celestial bodies, and their laws of motion, now as fully demonstrated as 
the truths of geometry. With much more reason would he have called those who 
have ascended to these astronomical truths, and who have placed them beyond all 
doubt, privileged beings, and of an order superior to human nature. 
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CHAPTER. I. 

ELEMENTARY PROBLEMS IN ASTRONOMY AND GEOGRAPHY, 
PROBLEM I. 

To find the Meridian Line of any place. 

The dcierniinatioii of the meridian line, is rsrtainly the basis of every operation, 
both in astronomy and geography ; for which reason we shall make it the first 
problem relating to this subject. 

There aic several methods of determining this line, which we shall here describe. 

I. — On any horizontal plane, fix obliquely, and in a firm manner, a spike or sharp 
pointed piece of iron, with the point uppermost, as A b, Fig, 1. Then provide a 
double squaie, that is to say, two squares joined together so as to form an angle, 
and by its means find, on the horizontal plane, the point c, corresponding in a perpen 

dicular direction with the summit of the style. From this point 
describe several concentric circles, and mark, in fhe forenoon, 
W'herc the summit of the shadow touches them. Do the same 
thing in the afternoon ; and the two points D and £ being thus 
determined in the same circle, divide into twm equal parts the 
arc intercepted beiwTcn them. If a straight line be then 
drawn through the centre, and this point of bisection, it will 
be the meridian line required. 

By taking two points in one of the other circles, and re- 
peating the same operation ; if the two lines coincide, it will 
be a proof, or at least affoid a strong presumption, that the 
operation has been accurately performed ; if they do not coincide, some error must 
have arisen ; and therefore it will be necessary to recommence the operation with 
more care. 

Two observations, the least distant from noon, ought in geneial to be preferred; 
both because the sun is then more brilliant and the shadow better defined, and be- 
cause fhe change in the sun’s declination is less ; for Ibis operation supposes that 
the sun neither recedes from nor approaches to the equator, at least in a sensible 
iimmier, duiing the interval between the two observations. 

In short, provided these two observations have been made between 9 o’clock in 
the morning and 3 in the afternoon, even if the sun be near the equator, the meridian 
found by this method will be sufficiently exact, in the latitude of from 45 to 60 degrees; 
for we have found that in the latitude of Paris, and making the most unfavourable 
suppositions, the quantity which such a meridian may err will not be above 20". If 
it be required with perfect exactness, nothing is necessary but to make choice of a 
time when the sun is either in one of the tropics, particularly that of Cancer, or very 
near it, so that in the interval between the two operations bis declination may not 
have sensibly changed. 

We are well aware that, for the nice purposes of astronomy, something more 
precise will be necessary ; but the object of this work is merely to give the simplest 
and most curious operations in this science. The following however is a second 
method of finding the meridian by means of the pole star. 

II. To determine the meridian line in this manner, it will be necessary to wait 

till the pole star, which we here suppose to be known, has reached the meridian. 
But this will be the case when that star and the first in the tail of the Great Bear, 
or the one nearest the square of fhe constellation, are together in the same line 
perpendicular to the horizon ; for about the year 1700 these two stars passed over 
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the meridian exactly at the same time ; so that when the star in the Great Bear waa 
below the pole, the polar star was above it ; but though this is not precisely the case 
at present, these stars, as we shall here shew, may be still employed in obtaining an 
approximate meridian. 

Having suspended a plumb line in a motionless state, wait till the pole star, and 
that in the Great Bear above described, are together concealed by the thread ; and 
at that moment suspend a second plumb line, in such a manner that it shall hide the 
former and the two stars. These two threads will then comprehend between them 
a plane which will be that of the meridian ; and if the two points on the ground, cor- 
responding to the extremities of the two plumb lines, be joined by a straight line, 
you will have the direction of the meridian. 

The time at which the pole star, or any other star, passes the meridian on a given 
day, may be found in the following manner : 

Subtract the right ascension of the sun from the right ascension of the star (in- 
creased by 24 hours if necessary), and the remainder is the apparent t*..ie of the 
star’s passing the meridian. The sun’s right ascension, as well as that of any star 
likely to be used in the ordinary pioccdure of astronomy, may be found in the 
Nautical Almanac, or White’s Epbemeris, one of which no English astronomer will 
be without. 

To trace out a meridian line by means of the pole star, find as above the time 
when the star is on the meridian ; and about six hours before that time, the star will 
be at its greatest elongation ea&t of the meridian : and about six hours after at its 
greatest elongation west of the meridian. 

This greatest elongation may be found by adding together the log, cosine of the 
declination, and the log, secant of the latitude, and the sum (rejecting 10) is the 
log. sine of the greatest elongation. 

Thus on Feb. 10th, 1839, in lat. 51® 29 N., to find the greatest elongation of the 
pole star one hour : — 

Declination 88® 27' 24^ cosine 8 430279 

Latitude 51® 29' 0" secant 10*205092 

Required elongation 2“ 28' »3^ sine 18*035971 

Now for some time, about the greatest elongation, the azimuth docs not sensibly 
change; there is therefore suflicicnt time to note fiomagiven place the direction 
of the star at the time, and to draw on the ground a line in that direction. 

From this line let an angle be laid otF equal to the greatest elongation computed 
as above ; towards the west of the star is east of the meridian, but towards the east 
of the star is west of the meridian ; and the line foi ming this angle with the line 
drawn in the direction of the star, will be the meridian line. 

But the object may be effected with much more neatness by a theodolite ; for, 
having adjusted the instrument, and directed the telescope to the star at the time 
of its greatest elongation, it is only requisite to turn round the instrument in 
azimuth 2” 28' 43", or such other angle as may result from the computation, and then 
any object on the horizon bisected by the cross wires of the telescope will be in a 
meridian line from the place of the instrument. 

PROBLEM II. 

To find the Latitude of any place. 

The latitude of any place on the earth is its distance from the equator ; and is 
measured by an arc of the celestial meridian, intercepted between the zenith of the 
place and the equator; for this arc is similar to that comprehended on the earth 
between the place and the terrestrial equator. This is equal to the elevation of the 
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pole, which is the arc of the meridian intercepted between the pole and the horizon. 
To those therefore who live under the equator, the poles are> in the horizon ; and 
if there were inhabitants at either pole, the equator would he in their horizon. 

The latitude of any place on the earth may be easily found by various methods. 

Ist. By the meridian altitude of the sun on pny given day. For if the sun’s decli- 
nation for that day, when the sun is in any of the northern signs, and the given 
place in the northern hemisphere, be siibtraeted from the altitude, the remainder 
will be the elevation of the equator, the complement of which is the elevation of the 
pole, or the latitude. If the sun be in any of the southern signs, it may be readily seen 
that, to find the elevation of the equator, the declination must be added. 

2d. If the meridian altitude of one of the circum-polar stars, which do not set, 
be taken twice in the course of the same night, namely, once when directly above the 
pole, and again when exactly below it ; and if from each of these altitudes the refrac- 
tion be subtracted ; the mean between these two altitudes will be that of the pole, 
or the latitude. Or, take any two altitudes of such a star at the interval ofll'‘ 58"* 
of time, correcting them by subtracting the refractions as before ; then the mean be- 
tween them will be the height of the pole, or the latitude of the place. 

3d. Look, in some catalogue of the fixed stars, for the distance of any star from 
the equator, that is to say its declination ; then take its meridian altitude, and by 
adding or subtracting the declination, you will have the elevation of the equator, the 
complement of which, as before said, is the latitude. 

PROBLEM III, 

To find the Longitude of any place on the earth, 

Tlie longitude of any place, or the second clement of its geographical position, is 
the distance of its meridian from a certain raeridian, which by common consent is con- 
sidered as the first. This first meridian was formerly supposed to be that passing 
through the island of Ferro, the most eastern of the Canaries. But the meridian of 
the observatory of Paris is now used by the French, and that of the Royal Observa- 
tory of Greenwich by the Englibh. 

Formerly the longitude was ret koned, from west to east, throughout the whole 
circumference ot the equator; but at present it is almost the geneial practice to 
reckon both ways irom the hrst meridian, or the meridian accounted as such ; that is 
to say east and west, so that the longitude according to this meihod can never 
exceed 180 degrees; arid in the tables it is maiked whether it he east or west. 
We shall now proceed to shew in what manner the longitude is determined. 

If two terrestrial meridians, distant fiom each other 15®, for example, be supposed 
to be continued to the heavens ; it is evident that they will intercept, in the equator 
and all its parallels, arcs of the same number of degrees. It may be readily seen 
also that the sun will arrive first at the more eastern meridian, and that he will 
then have to pass over 1.5° in the equator, oi the parallel which he describes that day 
during his diurnal rotation, before he arrives at the more western meridian. But to 
pass over 15° the sun requires one hour, since he employs 24 hours to pass over 860^ ; 
hence it follows, that when it is noon at the more eastern places it will be only 11 
o’clock in the morning at the more western. If the distance of the meridians of the 
two places be greater or less, the difference of the hours will be greater or less, in 
the proportion of one hour for 15°; and consequently of 4 minutes for a degree, 4 
seconds for a minute, and so on. 

Thus it is seen, that to determine the longitude of a place, nothing is necessary 
but to know what hour it is there, when it is a certain hour in another place situated 
under the first meridian, or the distance of which from the first meridian is known ; 
for if this difference of time be changed into degrees and parts of a degree, allowing 
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15* for one hour of time, one degree for 4 minutes, and so on, then the longitude of 
the proposed place will be obtained. 

To find this difference of hours, the usual method is to employ the observation 
of some celestial phenomenon that happens exactly at the same moment to every 
place on the earth, such for example as eclipses of the moon. Two observers sta- 
tioned at two places, the difference of the longitude of which is required, observe, 
by means of a well-regulated clock, the moments when the shadow successively 
reaches several remarkable spots on the moon’s disc ; they then compare their ob- 
servations, and by the difference of the time which they reckoned when the shadow 
reached the same spot, they determine, as above explained, the difference of the lon- 
gitude of the two places. 

Let us suppose, by way of example, that an observer at London found, by obser- 
vation, that the shadow reached the spot called Tycho at Ih. 45m. fiOs. in the 
morning ; and that another stationed at a place a made a similar observation at 24m. 
308. after midnight : the difference of this time is Ih. 21m. 20s., which, reduced to 
degrees and minutes of the equator, gives 20° 20^. This is the difference of longi- 
tude ; and as it was later at London when the phenomenon was observed, than at 
the place A, it thence follows that the place a is situated 20® 20^ farther west than 
London. 

As eclipses of the moon are very rare, and as it is difficult to observe with preci- 
sion when the shadow’ comes into contact with the moon’s disc, so as to determine 
the commencement of the eclipse, and also the exact period when the shadow reaches 
any particular spot, the modern astronomers make use of the immersions, that is to 
say the eclipses, of Jupiter’s satellites, and particularly those of the first, which, as 
it moves very fast, experiences frequent eclipses that end in a few seconds. The 
case is the same with the emersion or return of light to the satellite, w Inch takes 
place very quickly. For the sake of illustration we shall suppose that an observer, 
stationed at the place a, observes an immersion of the first satellite to have hap- 
pened on a certain day at 4h. 55m. in the morning ; and another stationed at a place 
B at 3h. 25m. The difference being Ih. 30m. it gives 22® 30' for the difference of 
longitude. We may therefore conclude that the place a is farther to the east than 
B, since the inhabitants at the former reckoned an hour more at the time of the phe- 
nomenon. 

Remark , — These observations of the satellites, which, since the discovery of those 
of Jupiter, have been often repeated in every part of the globe, have in some 
measure made an entire reformation in geography ; for the position in longitude of 
almost all places was determined merely by itinerary distances very incorrectly mea- 
sured; so that in general the longitudes were counted much greater than they 
really w^ere. Towards the end of the seventeenth century there were more than 
25® to be cut off from the longitude assigned to the old continent from the western 
ocean to the eastern coast of Asia. 

This method, so evident and demonstrative, was however criticised by the celebrated 
Isaac Vossius, who preferred the itinerary results of travellers, or the estimated dis- 
tances of navigators ; but by this ho only proved that, though he possessed a great 
deal of erudition badly digested, be had a weak judgment, and was totally unac- 
quainted with the elements of astronomy. 

A knowledge of the latitude and longitude of the different places of the earth, is 
of so much importance to astronomers, geographers, &c., that we think it our duty 
to give a table of those of the principal places of the earth. This table, which is 
very extensive, contains the position of the mopt considerable towns both in England 
and in France, as well as of the greater part of the capitals and remarkable places in 
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every quarter of the globe ; the whole founded on the latest astronomical observa- 
tions, and the best combinations of distances and positions. 

The reader must observe* that the longitude is reckoned from the meridian of 
Greenwich, both east and west. When east it is denoted by the letter e, and when 
west by the letter w. In regard to the latitude, it is distiiiguisHed, in the same 
manner, by the letters N and 8, which denote north and south. 


A TABLE, 

CONTAINING THE LATITUDES AND LONGITUDES OF THE CHIEF TOWNS AND MOST 
BEMaRKABLE places OF THE EARTH. 


Names of Places. 

Lat. 

Loop. 

Names of Places. 

Lat.^ 

Lonp. 

Abbeville, Fiance 

50“ 

' 7'n 

F 

’50' E 

Awatcba,Kamtschatka 

52' 

’52'n 

^ 168’ 

“47' E 

Aberdeen, Scotland 

57 

9 N 

2 

6 W 

Azoph, Crimea 

47 

0 N 

39 

14 E 

Abo, Finland 

60 

27 N 

22 

17 E 

Bagdad, Mesopotamia 

33 

20 N 

44 

25 E 

Acapulco, America 

16 

50 N 

99 

49 W 

Bahama I., America 

26 

43 N 

78 

56 w 

Acheen, Sumatra 

5 

36 N 

95 

19 E 

Baldivia, Chili 

39 

50 S 

1 73 

34 w 

Adrianoplc, Turkey 

41 

3 N 

27 

8 E 

Bale, Switzerland 

47 

34 N 

7 

35 E 

Agra, India 

2V 

13 N 

78 

17 E 

Bangalore, India 

12 

58 N 

77 

33 K 

Aleppo, Syria 

.n 

n N 

37 

10 E 

Bantry Bay, Ireland 

51 

34 N 

10 

low 

Alexandretta, Syria 

36 

45 N 

36 

15 E 

Barcelona, Spain 

41 

22 N 

2 

10 E 

Alexandria, Eii:y[)t 

11 

13 N 

29 

55 E 

Basbora, Arabia 

30 

32 N 

44 

46 E 

Algiers, Algiers 

.16 

49 N 

3 

5 E 

Batavia, Java I. 

6 

9 a 

i 106 

52 E 

Alicant, Spain 

.^8 

12 N 

0 

29 W 

Bayeux, France 

49 

17 N 

0 

42 w 

Alton a, Germany 

53 

3 1 N 

9 

67 E 

Bayonne*^ France 

43 

29 N 

1 

28 W 

Altorf, Germany 

47 

45 N 

9 

34 E 

Bcechy Head, England 

50 

44 N 

0 

15 E 

Amiens, France 

49 

54 N 

2 

18 E 

Belfast, Ireland 

54 

35 N 

5 

57 w 

Amboyna I. India 

.1 

40 8 

128 

15 E 

Bencoolen, Sumatra I. 

3 

48 h'|02 

0 E 

Amsterdam, Holland 

52 

22 N 

4 

53 E 

Belgrade, Turkey 

44 

43 N 

20 

10 E 

Anabona I Ethiopia 

1 

25 s 

6 

46 E 

Bender, Turkey 

46 

51 N 

29 

46 K 

Ancona, Italy 

43 

38 N 

13 

29 E 

Bergen Castle, Norway 

no 

24 N 

6 

20 £ 

Andrew’s St . Srotland 

56 

20 N 

2 

50 W 

Berlin, Germany 

52 

32 N 

13 

22 E 

Angers, France 

47 

28 N 

0 

28 W 

Bermuda, Bahama I. 

32 

22 N 

64 

30 W 

Angouleme, France 

45 

39 N 

0 

9 E 

Berne, Switzerland 

46 

57 N 

7 

26 K 

Anapolis Royal, Nova 

44 

45 N 

65 

46 W 

Berwick Tweed, Eng. 

55 

46 N 

2 

0 W 

Scotia 





Bc 8 an 9 on, France 

47 

14 N 

6 

3 E 

Antigua, Caribbee 

17 

4 N 

61 

55 W 

Bezieres, France 

43 

21 N 

3 

13 B 

Antibes, France 

43 

35 N 

7 

8 E 

Bilboa, Spain 

43 

26 N 

3 

18 W 

Antiochetta, Syria 

36 

6 N 

32 

20 E 

Blois, France 

47 

3.5 N 

1 

20 E 

Antwerp, Flanders 

51 

13 N 

4 

24 E 

Bologna, Italy 

44 

30 N 

11 

21 E 

Archangel, Russia 

64 

34 N 

40 

43 £ 

Bolkercskoy, Kamts- 

52 

54 N 

156 

50 £ 

Arcot, India 

12 

54 N 

79 

22 £ 

chatka 





Arles, Prance 

43 

41 N 

4 

38 F. 

Bombay, India 

18 

64 N 

72 

60 £ 

Arras, Prance 

50 

18 N 

2 

46 E 

Borneo, Borneo I. 

4 

55 N 

114 

65 E 

Ascension I., Brazil 

7 

57 s 

13 

59 W 

Boston, England 

53 

10 N 

0 

25 £ 

Astracan, Siberia 

46 

21 N 

48 

8 E 

Boston, America 

42 

22 N 

70 

69 W 

Athens, Greece 

37 

68 N 

23 

46 E 

Botany Bay,N. Holland 

34 

0 8 

161 

14 B 

Auch, Prance 

43 

39 N 

0 

40 E 

Boulogne, France 

50 

44 N 

1 

37 B 

Augustine St., Florida 

29 

48 N 

81 

18 W 

Bourdeaux, France 

14 

50 N 

0 

34 W 

Augsburg, Germany 

48 

22 N 

10 

55 K 

Bourges, France 

17 

6 N 

2 

24 B 

A^vignon, France 

43 

67 N 

4 

48 E 

Bremen, Germany 

>3 

6 N 

8 

48 E 

Avranches, France 

48 

41 N 

1 

21 W 

Breslaw, Silesia 

n 

6 N 

17 

2 E 

Aurillac, France 

44 

55 N 

2 

32 E 

i Brest, France ^ 

18 ! 

23 N 

4 

29 W 

Auxerre, France 

47 

48 N 

3 

34 E 

1 Bridge Town, Barbad. 1 

13 

5 N 

69 41 w 



410 


ASTRONOMY AND GEOGRAPHY. 


Names of Places. 

Lat. 

T.ong. 

Names of Places. 

r.at. 

Tiong. 

Bristol Cathedral, Eng. 

61* 

27' N 

2“ 

36'W 

Conception la, Chili 

36‘' 

49' 8 

73 

6 W 

Bruges, Flanders 

51 

13 N 

3 

14 E 1 

Congo R. Ent., Congo 

6 

10 8 

! 11 

15 E 

Bmssels, Flanders 

50 

51 N 

4 

22 E 1 

Constance, Switzerland 

47 

36 N 

9 

8 E 

Buchan-ness. Scotland 

57 

30 N 

1 

47 w 

Constantinople, Turkey 

41 

1 N 

28 

55 E 

Bucharest, Wallachia 

44 

27 N 

26 

8 E 

Copenhagen, Denmark 

65 

41 N 

12 

40 E 

Buda, Turkey 

47 

30 N 

19 

2 E 1 

Cordova, Spain 

37 

52 N 

4 

46 w 

Buenos Ayres, Brazil 

34 

37 8 

58 

24 W 

Corfu, Vido I., Turkey 

39 

38 N 

19 

56 E 

Cadiz Observ., Spain 

36 

32 N 

6 

17 W 

Corinth, Greece 

37 

58 N 

23 

28 E 

Caen, France 

49 

11 N 

0 

22 W 

Cork, Ireland 

51 

52 N 

8 

16 W 

Caffa, Crimea 

45 

6 N 

35 

13 B 

Coutances, France 

49 

3 N 

1 

26 W 

Cagliari, Sardinia 

39 

13 N 

9 

6 E 

Cowes, Isle of Wight 

50 

45 N 

1 

19 W 

Cairo, Egypt 

30 

2 N 

31 

19 E 

Cracow, Poland 

50 

4 N 

19 

67 K 

Calais, France ’ 

50 

68 N 

1 

51 E 

Cremsmunster, Germ. 

48 

3 N 

14 

8 1? 

Calcutta, India 

22 

34 N 

88 

26 E 

Cuddalore, India 

11 

43 N 

79 48 E 

Calicut, India 

11 

15 N 

76 

5 E 

Curas^oa, West Indies 

12 

8 N 

69 

0 W 

Callao, Peru 

12 

4 s 

77 

4 W 

Dabul, India 

17 

45 N 

72 

53 E 

Camboida, India 

10 

0 N 

104 

10 E 

Dantzic, Poland 

64 

21 N 

18 

38 E 

Cambray, France 

50 

11 N 

3 

14 E 

Dartmouth, England | 

50 

17 N 

3 

35 W 

Cambridge, England 

52 

13 N 

0 

6 E 

Dcseada, Caribbees 

16 

20 N 

61 

2 W 

Canary I., Canaries 

28 

10 N 

15 

31 W 

Dieppe, France 

49 

66 N 

1 

5 E 

Candy, Ceylon 

7 

23 N 

80 47 E 

Dijon, France 

47 

19 N 

5 

2 E 

Canterbury, England 

51 

17 N 

1 

6 E 

Dillengeu, Germany 

48 

34 N 

10 

30 K 

Cape Comorin, India 

ft 

5 N 

77 

44 r 

Dol, France 

44 

33 N 

1 

45 W 

Cape Finisterre, Spain 

42 

54 N 

9 

16 w 

Dole, France 

47 

7 N 

5 

30 E 

Cape Francois, St. Do- 

19 

67 N 

71 

22 W 

Domingo St., Antilles 

18 

30 N 

69 49 W 

mingo 





Dordrecht, Netherlands 

51 

49 N 

4 

40 E 

Cape Town, CafFraria 

33 

55 8 

18 

20 i: 

Dover, England 

51 

8 N 

1 

19 E 

Cape Ortegal, B. of Bis 

4-3 

47 N 

7 

56 w 

Dresden, Saxony 

51 

3 N 

13 

43 E 

C. St. Lucas, California 

22 

52 N 

109 

50 w 

Dionthcim, Norway 

63 

26 N 

10 

23 r: 

Cape Verd, Negroland 

14 

44 N 

17 

32 W 

Dublin Obs., Ireland 

53 

23 N 

6 

20 W 

Caracas, S. America 

10 

31 N 

67 

5 W 

Dunbar, Scotland 

55 

58 N 

2 

36 W 

Carcassone, France 

43 

13 N 

2 

21 E 

Dundee, Scotland 

56 

25 N 

3 

2 W 

Carlescrona, Sweden 

56 

7 N 

16 

33 E 

Dungcncss, England 

50 

55 N 

0 

68 E 

Carlisle, England 

54 

44 N 

2 

46 W 

Dunkirk, France 

51 

2 N 

2 

2.3 E 

Carthogeiia, Spam 

37 

36 N 

1 

0 W 

Durazzo, Turkey 

41 

19 N 

19 

27 i: 

Carthagcna, S. America 

10 

25 N 

75 

30 W 

Edinburgh Obs., Scot. 

55 

57 N 

3 

11 w 

Ca'>an, Russia 

56 

48 N 

49 

21 E 

Elba, P. Toney, Italy 

42 

49 N 

10 

20 E 

Cassel, Germany 

51 

19 N 

9 

35 E 

Elbing, Poland 

54 

8 N 

19 

22 E 

Castres, France 

43 

37 N 

2 

15 K 

Elsinore, Denmark 

56 

2 N 

12 

38 E 

Cayenne I., S. America 

4 

66 N 

62 

15 W 

Embden, Gcnnaily 

53 

22 N 

7 

11 E 

Cephalonia L, Turkey 

38 

27 N 

20 

33 h 

Enclmyscii, Holland 

52 

42 N 

6 

18 E 

Cette Light IT., France 

43 

24 N 

3 

41 F 

Ephesus, Natolia 

37 

00 N 

27 

37 E 

Ceuta, Barbary 

35 

64 N 

5 

17 w 

Eifurth, Germany 

50 

59 N 

11 

2 E 

Chalons-sur- Marne, Fr. 

48 

57 N 

4 

22 E 

Eri\an, Armenia 

40 

20 N 

44 

35 E 

Ch&lons-sur-Saone, Fr. 

46 

47 N 

4 

51 K 

Erzerum, Armenia 

39 

57 N 

48 

36 B 

Chandernagor, Bengal 

22 

51 N 

88 

29 K 

Eustatia, Caribbees 

17 

20 N 

63 

5 W 

Charlestown Light, 

32 

43 K 

79 46w 1 

Facn/a, Italy 

44 

17 N, 11 

21 E 

Carolina 





Falmouth, Pend. Cas., 

50 

8 N 

5 

2 W 

Chartres, France 

48 27 N 

1 

29 E 

Femambouc, Biazil 

8 

3 S 

34 

64 vr 

Cherbourg, France 

49 

38 N 

1 

37 w 

Ferrara, Italy 

44 

50 N 

11 

36 E 

Chester, England 

53 

11 N 

2 

63 W I 

Ferro I., Canaries 

27 

50 N 

17 

58 W 

Christiana, Norway 

59 

55 N 

10 

48 E 

Finisterre C., France 

42 

54 N 

9 

16 W 

Cbristianstadt, Sweden 

56 

1 N 

14 

9 E 

Fladstrandt, Denmark 

57 

27 N 

10 

33 E 

Civita Vecchia, Italy 

42 

5 N 

11 

45 E 

Florence, Italy 

43 

47 N 

11 

16 £ 

Clagenfiirth, Carinbia 

46 

37 N 

14 

20 E 

Flushing, Holland 

51 

27 N 

3 

35 B 

Clermont-Ferrand,Fr. 

45 

47 N 

3 

5 E 

Forbishcr’s Straits, 

62 

6 N 

47 

18 W 

Cochin, India 

9 

57 N 

76 

29 E 

Greenland 





Colchester, England 

51 

53 N 

0 

54 E 

Formoso I. N. p. China 

25 

11 N 

121 

66 E 

Collioure, France 

42 

32 N 

3 

5 E 

— — S. p. E, do. 

21 

64 E 

121 

5 B 

Cologne, Germany 

50 

56 N 

6 

65 E 

Frankfort on the Mayn,! 

50 

7 N 

8 

36 B 

Compiegne, France 

49 

26 N 

2 

54 £ 

Germany | 
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Namet of Places. Lat. Long. 

Frankfort on the Oder, 52® 22' n 14* 33' E 
Germany 

Frederickstadt, Norway 59 12n 11 1 E 

Frejus, France 43 26 n 6 44 e 

Gallipoli, Turkey 40 26 n 26 37 e 
Gambia R. mouth, 16 30 m 13 30 w 
Negroland 

Geneva, Switzerland 46 12 m 6 9 E 

Genoa, Italy 44 26 N 8 68 e 

Ghent, Netherlands 51 3 m 3 44 e 

Gibraltar, Spain 36 7 m 6 22 vtr : 

Glasgow, Scotland 66 62 n 4 I6wl 
Gloucester Cath. Eng. 51 62 m 2 14 w 
Gluckstadt, Holstein 53 48 m 9 27 e 
Goa, India 15 29 n 73 53 e 

Gombroon, Persia 27 18 m 56 12 e 
Good Hope C.. Africa 34 23 b 18 24 e 
Gottenburg, Sweden 5741N 1154e 
Gottingen, Gernrany 51 32 m 9 66 e 
Granville, France 4860n 136w 

Gratz, Styria 47 4 n 16 27 e 

Greenwich, England 51 29 m 0 0 

Grenoble, France 45 12 m 6 44 e 
Guadaloupe, Canbbce 15 69 N 61 45 w 
Guernsey, St. P. Eng. 49 2G n 2 33 w 
Hague, Holland 52 5 m 4 19 e 

Halifax, Nova Scotia 44 44 n 63 36 w 
Halle, ^axony 51 29 m 11 58 e 

Hamburgh, Geriflany ^53 33 n 9 69 e 
Harlem, Holland *52 23 n 4 38 e 
Harwich, England 5147N 117e 

Hastings, England 50 52 m 0 35 e 

Havannah, Cuba I., 23 9 n 82 23w 

Havre de Grace, France 49 29 N 0 7 E 

Helena St. 1., Africa 15 55 s 5 43 w 

Holy Head, Wales 53 19 n 4 30^^ 

Horn Cape, S. America 55 58 s 67 21 w 

Hull, England 53 45 n 0 16w 

Hydrabad, India * 1712m 7851e 

j8iiiapatan,C.CeylonI 9 45 n 80 9 e 

Jago, St. Cape Yerd I. 14 53 n 23 32w 
Jamaica,Kingston,W.l. 18 on 76 42w 
Jassey, Moldavia 47 8 n 27 30 e 

Java Head, Java 1. 6 48 s 105 ll e 

Jeddo, Japan 36 29 n 140 0 e 

Jena, Germany 50 56 n 1 1 37 e 

Jersey I. St. Aubin,Eng. 49 13 n 2 11 w 

Jerusalem, Palestine 31 48 m 35 20 e 

Jeuiseik, Russ. Tartary 58 27 n 91 59 £ 

Ingolstadt, Germany 48 46 m 11 25 e 

Inspruc, T^rol 47 16 n 11 24 e 

Inverness, Scotland 67 31n 4i2w 
Joppa, Syria 32 2 m 34 63 e 

Ipswich, England 52 3 n 1 9 £ 

Ismail, Turkey 45 21 n 28 60 e 

Ispahan, Persia 32 25 n 51 60 e 

Juan Fernandez I., Chili 33 40 b 78 68 w 

Judda, Arabia 21 29 n 39 16 e 

Ivica I., Spain 38 63 m 1 29 b 

Kilda St. I., Scotland 57 49 n 8 26 w 

Kinsale, Ireland l6i 41 mI 8 28w 


Names of Places. Lat. Long. 

Konigsberg, Prussia 64®42'm 21*29'b 
Lancaster Steeple, Eng. 64 3 n 2 48 w 

Landau, France 49 12 n 8 7 e 

Land’s End, England 60 4 n 6 42 w 

Landscrona, Sweden 66 52 m 12 50 e 
Langres, France 47 52 N 5 20 e 

Lausanne, Switzerland 46 31 n 6 46 b 
Leeds, England 63 48 M 1 34 w 

Leghorn, Italy 43 33 m 10 17 b 

Leipsic, Germany 51 20 M 12 22 b 

Leostoif, England 62 29 m 1 44 B 

Lepanto, Turkey 38 16 M 22 1 e 

Leyden, Holland 62 9 N 4 29 B 

Liverpool, St. Paul*s, 63 26 m 2 69 w 
England 

Liege, Germany 50 39 M 6 32 B 

Lima, Peru 12 3 s 76 57 

Limerick, Ireland 52 36 n 8 31 
Lisbon Obs., Portugal 38 42 n 9 8 

Lizard Light, England 49 68 n 5 1 

London, St. Paul’s Ch. 51 31 n 0 8 

Londonderry, Ireland 54 59 N 7 16 
Loretto, Italy 43 27 m 13 36 

Louisburg, Cape Breton 45 64 n 69 66 
Louvain, Netherlands 50 53 n 4 42 
Lubeck, Germany 53 51 m 10 41 
Lucia, St. 1. Coribbee 13 37 n 60 30 
I iU era, Italy 43 64 N 10 34 

Lunden Tower, Sweden 55 43 n 13 13 r 
Luxembourg, Netherlds. 4 9 38 n 6 10 e 
Lynn, Old Tower, Eng. 52 47 N 0 25 e 
Macao, China •.'2 11m113 31 £ 

Macassar, Celebes I. 6 9sll939 F. 

Madras, India 13 4 n 80 16 e 

Madiid, Spain 40 25 m 3 42 w 

Madura, India 9 64 n 78 18 e 

Mahon Port, Minorca 39 51 m 4 18 e 
Malacca Fort, India 2 12n102 16 k 
Malta I. ,Val. Obs., Italy 35 53 m 14 31 E 
Manchester, England .53 24 n 2 20w 
Manilla, Luconia I. 1 4 36 m 120 58 k 
Mantua, Italy 45 9 m 10 48 £ 

Marseilles Obs., France 43 18 n 5 22 e 
Martinico I., F. Royal, 14 36 m 61 6 w 

West Indies 

Masulipatam, India 16 11n 81 13 b 

Mauritius I., Pt. Lewis, 20 10 s 57 28 e 

Africa 

Meaco, Japan 35 24 n 153 30 e 

Meaux, France 48 58 n 2 53 e 

Mecca, Arabia 21 18 n 40 16 b 

Mechlin, Netherlands 51 2n 4 28 e 

Memel, Courland 55 42 n 21 8 e 

Messina Light, Sicily 38 11 n 16 35 b 

Metz, France 49 7 m 6 10 b 

Mexico, Mexico 19 26 m 99 6w 

Milan Obs., Italy 45 28 n 9 12 e 

Mocha, Arabia 13 20 m 43 20 b 

Modena, Italy 44 34 m 11 12 B 

Montpelier Obs., France 43 36 n 3 63 b 

Montreal, Canada >46 31 n| 73 35 w 
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Names of Places. 

Lat. 

Long. 

Names of Flacea. 

Lat. 

Ijong. 

Mosambique Harbour, : 

15° 

1' B 

40° 

47' E 1 

Quebec, Canada ^ 

t6°47'N 

71° 

lOV 

Zangue 





Quiloa, Zanguebar 

8 

41 8 

39 

47 E 

Moscow, Russia 

56 

46 N 

37 

33 E 

Quimper, France 

47 

58 N 

4 

6 W 

Munich, Germany 

48 

8 N 

n 

34 E 

Quito, Peru 

0 

13 S 

78 45 W 

Munster, Germany 

51 

68 N 

7 

36 E 

Ragusa, Dalmatia 

42 

39 N 

18 

6 K 

Namur, Netherlands 

50 

28 N 

4 

51 E 

Ramsgate, England 

51 

20 N 

1 

25 E 

Nangasaki, Japan 

.12 

44 N 

129 

52 E 

Ratibbon, Germany 

49 

1 N 

12 

4 £ 

Nankin, China 

32 

6 N 

118 

7 E 

Ravenna, Italy 

44 

25 N 

12 

11 E 

Nantes, France 

47 

13 N 

1 

33 W 

Rennes, France 

48 

7 N 

1 

41 W 

Naples, Italy 

40 

50 N 

14 

16 E 

Rheuns, France 

49 

16 N 

4 

6 E 

Narbonne, France 

43 

11 N 

3 

0 E 

Revel, Livonia 

59 

27 N 

24 

35 E 

Narva, Livonia 

59 

23 N 

28*14 E 

Riga, Livonia 

66 

57 N 

24 

8 B 

Naze, Norway | 

57 

68 N 

7 

3 E 

Rimini, Italy 

44 

4 N 

12 

33 E 

Negapatnam Port, India 

10 

46 N 

79 

55 E 

Rio Janeiro, Rat. 1., 

22 

53 b 

43 

12 W 

Nevis, I.,S. Pt. Caribb. 

17 

5 N 

62 

33 W 

Brazil 





Newcastle, England 

55 

0 N 

1 

36 w 

Rochelle, France 

46 

9 N 

1 

low 

Nice, Italy 

43 

41 N 

7 

17 E 

Rochester, England | 

51 

23 N 

0 

30 E 

Nieuport, Flanders 

51 

08 N 

2 

45 E 

Rome College, Italy 

41 

54 n’ 

12 

30 E 

Nombre de Dios, S. A. 

9 

36 N 

79 

36 W 

Rotterdam, Holland 

51 

56 N 

4 

29 E 

Nootka Sound, America 

49 

35 N 

126 

37 W 

Rouen, Fiance 

49 

26 N 

1 

6 B 

Noyon, France 

49 

35 N 

3 

1 E 

Rye, England 

51 

3 N 

0 

45 E 

Nuremberg, Germany 

49 

27 ^ 

11 

4 E 

Saflia, Barbary 

32 

20 N 

9 

5 W 

Ochotsk, Tartary 

.'39 

20 N 

143 

14 E 

Saint-Flour, Fiance 

45 

2 ^ 

3 

0 £ 

Olinda, Brazil 

8 

3 b 

34 

64 W 

Saint Malo, France 

48 

39 N 

2 

1 W 

Olmutz, Moravia 

40 

34 N 

17 

9 E 

Saint-Omer, Fiance 

50 

45 N 

2 

15 B 

Oneglia, Italy 

43 

55 N 

8 

4 £ 

Salerno, Italy i 

40 

40 N 

14 

35 E 

Oporto Bar, Portugal 

11 

9 N 

8 

37 Vf 

Sallee, Jlarbaiy 

34 

5 N 

6 

43 W 

Oran, Barbary 

35 

44 N 

0 

39 W 

Salonicu, Turkey 

40 

38 N 

«2 

66 E 

Orenburg, Astracan 

51 

46 N 

55 

5 E 

S5u*agossa Sjiain i 


38 N 

1 

42 W 

Orleans, N. Louisiana 

29 

58 N 

90 

11 W 

Scanderoon, Syria 

36 

35 N 

36 

15 B 

Orleans, France 

47 

54 N 

1 

55 K 

Schamaki, Persia 

40 

27 N 

36 

45 K 

Ormus I. N. end, Pers. 

27 

7 N 

56 

37 E 

Sciily Isles, St. Mary’s, 

49 

54 N 

6 

17 w 

Ostend, Flanders 

51 

14 ^ 

2 

55 E 

England 





Oxford, England 

51 

46 N 

1 

16 W 

Seliiigiusk, Russ. Tart. 

51 

6 N 

106 

39 E 

Padua Obs., Italy 

45 

24 N 

11 

52 E 

Senegal R. eut Negro. 

15 

53 N 

16 

31 W 

Palermo Obs. Sicily 

38 

7 N 

1.3 

22 E 

Senlis, France 

19 

12 N 

2 

35 K 

Palicaud, India 

10 

60 N 

76 

50 E 

Sens, France 

48 

12 N 

3 

17 E 

Pampeluna, Spain 

42 

50 N 

1 

41 W 

Seringcapatam, India 

12 

25 N 

76 42 E 

Panama, Mexico 

8 

69 N 

79 

27 w 

Seville, Spam 

37 

24 N 

5 

38 W 

Para, South Amenca 

1 

28 S 

48 

40 W 

Sheerness Staff, Eng. 

51 

11 N 

0 

44 £ 

Paris Obs. France 

48 

50 ^ 

2 

20 E 

Siam, India 

14 

21 N 

100 

50 r. 

Parma, Italy 

44 

38 N 

10 

27 E 

Sienna, Italy 

43 

22 N 

11 

10 E 

Passau, Germany 

48 

36 N 

13 

25 E 

Siena Leone, Guinea 

8 

31 N 

13 

18 W 

Patmos 1., Natolia 

37 

30 N 

26 

40 E 

Shields, Engl rind 

55 

2 N 

1 

21) w 

Pavia, Italy 

45 

11 N 

9 

10 E 

Skalpolt, Iceland 

64 

0 N 

16 

0 W 

Pegu, India 

17 

40 N 

96 

12 E 

Smyrna, Natolia 

38 

25 N 

27 

6 E 

Pekin Obs., China 

39 

54 N 

116 

28 E 

Socotra I., Africa 

12 

30 N 

54 

10 E 

Perpignan, France 

42 

42 N 

2 

54 £ 

Soissons, France 

49 

23 N 

3 

20 E 

Petersburgh, Russia 

69 

56 N 

30 

19 E 

Southampton Spire, En. 

50 

64 N 

1 

24 W 

Philadelphia, America 

39 

57 N 

75 

11 W 

Spoletto, Italy 

42 

46 N 

12 

36 E 

Pico I. Peak, Azores 

38 

28 ^ 

28 

33 W 

Start Point, England 

50 

13 N 

3 

38 W 

Pisa Obs., Italy 

43 

43 » 

10 

24 £ 

Stettin, Pomerania 

53 

26 N 

14 

46 E 

Plymouth, N. ch. Eng. 

. 50 

22 W 

4 

7 w 

Stockholm, Sweden 

59 

21 N 

18 

3 E 

Pondicherry, India 

11 

66 N 

79 

54 £ 

Stockton, England 

54 

34 N 

1 

16 W 

Port Mahon, Minorca I 

. 39 

52 N 

4 

18 E 

Stralsund, Germany 

54 

19 M 

13 

32 E 

Porto Bello New Spain 

L 9 

34 N 

79 

4.3 W 

Strasburgh, France 

48 

34 N 

7 

51 B 

Port Royal, Jamaica 

17 

68 nI 76 

52 W 

Stromness, Orkneys 

58 

56 N 

3 

31 W 

Port Royal, Martinico 

14 

36 N 

61 

6 W 

Stuttgard, Germany 

48 

46 N 

9 

11 B 

Portsmouth Obs., Eng. 

50 

48 N 

1 

6 W 

Sunderland, England 

54 

55 N 

1 

15 W 

Prague, Bohemia 

50 

6 N 

14 

25 E 

Surat, India 

21 

4 M 

72 61 B 

Presburg, Hungary 

48 

8 N 

17 

11 B 

Surinam, cnt. S. America 

6 

25 N 

1 55 

40 W 
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Names of Places. 

I At. 

1 liong. 

Nnmut of Places. 

Lat. 

1 Dmg. 

Swansea, Wales 

.51® 

37' N 

3" 

66'W 

Valparaiso, Chili 

33‘ 

’ 0' N 

71‘ 

'38'W 

Syracuse Light, Sicily 

37 

3 N 

1 15 

16 B 

Vannes, France 

47 

39 N 

2 

45 W 

Tangier, Barbary 

35 

42 N 

1 ^ 

50 W 

Venice St Mark’s, Italy 

46 

26 N 

12 

21 B 

Tarento, Italy 

40 

35 N 

17 

29 B 

Vera Cruz, New Spain 

19 

12 N 

1 96 

9 W 

Tauris, Persia 

38 

10 N 46 

37 E 

Verona Obs. Italy i 

45 

26 N 

11 

1 M 

Tefflis, Georgia 

41 

43 N 

62 

40 B 

Versailles, France 

48 

48 N 

2 

7 E 

Tellicherry, India 

11 

44 N 

75 

36 B 

Vienna, Germany 

48 

13 N 

16 

23 B 

Temeswar,. Hungary 

44 

47 N 

29 

0 B 

Vigo, Spain 

42 

13 N 

8 

33 W 

Tcneriff Peak, Canaries 

28 

17 N 

16 

40 W 

Vilna, Poland 

54 

41 N 

25 

17 £ 

Tetuan, Barbary 

35 

50 N 

5 

20 w 

ITpsai, Sweden 

59 

52 N 

17 

39 B 

Tinmouth. England 

55 

3 N 

1 

18 W 

Uianiburg, Denmark 

66 

55 N 

12 

43 E 

Tliessalonica, Greece 

4S 

38 N 

22 

56 E 

Urbmo, Italy 

43 

44 N 

12 

37 B 

Tobago I., N.E. point, 

11 

10 N 

60 

27 W 

Wardhus, Lapland 

70 

23 N 

31 

7 B 

Caribbees 





Warsaw, Poland 

52 

14 N 

21 

3 B 

Tobolsk, Siberia 

58 

12 N 

68 

6 E 

W^aterford, Ireland 

52 

13 N 

7 

10 w 

Toledo, Spain 

39 

52 N 

4 

11 W 

Wells, England 

51 

11 N 

10 

12 W 

Tonsberg, Norway 

59 

23 N 

10 

12 E 

WVxford Harb., Ireland 

52 

22 N 

6 

19 W 

Torbay, England 

50 

26 N 

3 

31 W 

Weymouth, England 

50 

37 N 

2 

22 W 

Tornea, SveJen 

65 

51 N 

24 

12 E 

Whitby, England 

54 

28 N 

0 

36 W 

Toulon, France 

43 

7 N 

5 

56 E 

W'hitehaven, W mill, E 

54 

33 N 

3 

36 W 

Toulouse, France 

43 

36 N 

1 

26 E 

WicklowLight, Ireland 

52 

38 N 

6 

0 W 

Tours, France 

47 

24 N 

0 

42 E 

Wittenberg, Saxony 

151 

53 N 

12 

46 B 

Trentc, Italy 

46 

6 N 

11 

4 E 

Wiirtzburg, Franconia 

49 

46 N 

9 

55 K 

Trieste, Cainiola 

45 

38 N 

13 

47 E 

W'ybourg, Finland 

60 

43 N 

2b 

46 B 

Tnncoinalee, Ceylon I. 

8 

33 N 

81 

22 W 

Yarmouth, England 

52 

46 N 

1 

41 B 

Tripoli, Syria 

34 

26 N 

35 

51 E 

Yellow Ri\er, China 

34 

3 N 

120 

0 B 

Tiipoli, Barbary 

32 

54 N 

13 

12 E 

Ylo, Peru 

17 

36 s 

71 

low 

Truxilla, Peru 

8 

6 b 

79 

3 W 

Y(»rk New, Bat. Amer. 

40 

42 N 

73 

59 W 

Tunis, Barbary 

36 

48 N 

10 

11 E 

Y'oughal, Ireland 

51 

55 N 

7 

48 W 

Turin, Pia 2 . Cast., Italy 

4.5 

4 N 

7 

40 E 

Zagrab, Croatia 

45 

49 N 

16 

5 B 

Tyrnau, Hungary 

48 

23 N 

17 

35 E 

Zante 1. Town, Italy 

37 

47 N 

1 20 

55 B 

‘Valencia, Spain 

36 

29 N 

0 

23 W 

Zara, Dalmatia 

44 

2 N 

16 

10 E 

Valladolid, Spain 

41 

42 N 

5 

34 W 

Zurich, Switzerland 

47 

23 N 

1 B 

31 B 


PRODLEM IV. 

To find what o'clock it is at any place of the earth ^ when it is a certain hour at 

another. 

As the earth makes one revolution on its axis in the course of a com- 
mon day, or 24 hours, every point of the equator will describe the whole 
circle of 3G0 degrees in that period ; and therefore if 300 be divided by 24, the 
quotient 13 will be the number of degrees that correspond to one hour of time. 
Hence it is evident that two places which are 15 degrees of longitude distant from 
each other, will differ one hour in their computation of time, one of them making it 
earlier or later according as it is situated to the east or west of the other. To deter- 
mine this problem therefore, find by the preceding table the difference of longitude 
of the two places, which may be done by subtracting the longitude of the one from 
that of the other if they are both east or both west of Greenwich, or by adding them if 
the one is east and the other west, and then change the sum or difference into time : 
this time added to or subtracted from the hour at one of the given places, will 
give for result the hour at the other. If Grecn^ch be one of the places proposed, the 
difference of longitude will be found in the last column to the right in the preceding 
table. 
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Multiply the degrees by 4 for minutes of time, and the miles by 4 for seconds of 
time, or 6nd the hours and minutes corresponding to the given degrees and minutes 
in the subjoined table, which will greatly facilitate operations of this kind. 

Now let it be proposed to find what o’clock it is at Cayenne, when it is noon at 
London. The difference of longitude, or of meridians, between London and Cayenne, 
is 52® 7'; which converted into time, gives hours 28 minutes 28 seconds; and as 
Cayenne lies to the west of London, if 3h. 28m. 28s. be subtracted from 12 hours, 
the remainder will be Shouts 31 minutes 32 seconds : hence it appears that when it is 
noon at London, it is only 8h. 31m. 32s. in the morning at Cayenne ; consequently 
when it is noon at Cayenne, it is 3h. 28m. 28s. in the afternoon at London. 

When it is noon at London, requited the hour at Pekitt ? The difference of me- 
ridians betw'een London and Pekin is 116® 36', which is equal in time to 7 hours 
46 minutes 24 seconds. But as Pekin lies to the east of London, these 7h. 46m. 248. 
must be added to 12 hours : and hence it is evident that when it is noon at London, 
it is 7h. 4Cm. 248. in the evening at Pekin. On the other hand, to find what 
o’clock it is at London whcti it is noon at Pekin, these 7h. 46in. 24s. must be sub- 
tracted from 12 hours, and the result will be 4h. 13m. 36s. in the morning. 

When the two given places arc both to the west of London, to find their difference 
of meridians, the longitude of the one must be subtracted from that of the other. If 
Madrid and Mexico, for instance, be proposed ; as the longitude of the first is 3° 42^, 
and that of the second 99® 5', if the former be subti acted from the latter, the re- 
mainder 95® 23' will be their difference of longitude, which, changed into time, gives 
6 hours 21 minutes 32 - ..^s. Hence, when it is noon at Madrid, it is 5h. 38m. 28s. 

in the morning at Mexico. 

If one of the proposed places lies to the east and the other to the w^est of London, 
the longitude of the one must bo added to that of the other, in order to have their 
difference of longitude ; and the sum must then be converted into time, and added or 
subtracted as before. 

By way of example we shall take Constantinople and Mexico, the former of which 
lies to the cast of London. The longitude of Constantinople is 28® 55', and that of 
Mexico 99® 5', which added give for difference of longitude 171°= ni time to 8h. 32m. 
When it is noon therefore at Constantinople, it is only 3h. 28m. in the morning at 
Mexico ; and when it is noon at the latter, it is 8b. 32m. in the evening at Con- 
stantinople* 
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A table for changing degrees and minutes into hours » minutes, and seconds ; 

or the contrary* 


V 

H 

M 

B 

11 M 

D 

H 

M 

U 

H 

M 

D 

u 

M 

M 

M 

S 

M 

M S 

M 

M 

8 

M 

U 

8 

M 

M 

B 

1 

m 

4 

37 

2 28 

73 

4 

62 

109 

7 

16 

145 

9 

40 

2 

la 

8 

38 

2 32 

74 

4 

56 

110 

7 

20 

146 

9 

44 

3 

H 

12 

39 

2 36 

75 

5 

0 

111 

7 

24 

147 

0 

48 

4 

0 

16 

40 

2 40 

76 

5 

4 

112 

7 

28 

148 

9 

52 

6 

0 

20 

41 

2 44 

77 

5 

8 

113 


149 

9 

56 

6 

0 

24 

42 

2 48 

78 

5 

12 

114 

7 36 

150 

10 

0 

7 

0 

28 

43 

2 52 

79 


16 

115 

7 

40 

151 

10 

4 

8 

0 

32 

44 

2 56 

80 

5 

20 

116 

7 

44 

152 

10 

8 

9 

0 

36 

45 

3 

0 

81 

5 

24 

117 

7 

48 

163 

10 

12 

10 

0 

40 

46 

3 

4 

82 

5 

28 

118 

7 

52 

154 

10 

16 

1 1 

0 

44 

47 

3 

8 

83 

5 

32 

119 

7 

56 

156 

10 

20 

12 

0 

48 

48 

3 12 

84 

5 

36 

120 

8 

0 

156 

10 

24 

13 

0 

62 

49 

3 16 

85 

5 

40 

121 

8 

4 

157 

10 

28 

14 

0 

56 

50 

3 20 

86 

5 

44 

122 

8 

6 

158 

10 

32 

15 


0 

51 

3 24 

87 

5 

48 

123 

8 

12 

159 

10 

36 

If) 


4 

52 

3 28 

88 

5 

62 

124 

8 

16 

]60 

10 

40 

17 


8 

53 

3 32 

89 

5 

66 

125 

8 

20 

161 

10 

44 

18 


12 

54 

3 36 

90 

6 

0 

126 

8 

24 

162 

10 

48 

19 


16 

55 

3 40 

91 

6 

4 

127 

8 

28 

163 

10 

52 

20 


20 

56 

3 44 

92 

6 

8 

128 

8 

32 

164 

10 

66 

21 


24 

57 

3 48 

93 

6 

12 

129 

8 

36 

165 

11 

0 

22 


28 

58 

3 62 

94 

6 

16 

130 

8 

40 

166 

11 

4 

23 


32 

59 

3 56 


6 

20 

131 

8 

44 

167 

11 

6 

24 


36 

60 

4 

0 

96 

6 

24 

132 

8 

48 

168 

11 

12 

25 


40 

61 

4 

4 

97 

6 

28 

133 

8 

52 

169 

11 

16 

20 


44 

62 

4 

8 

98 

6 

32 

134 

8 

66 

170 

11 

20 

27 


48 

61 

4 12 

99 

6 

36 

135 

9 

0 

171 

11 

24 

28 


52 

64 

4 16 

100 

6 

40 

136 

9 

4 

172 

11 

28 

29 

1 

66 

65 

4 20 

101 

6 

44 

137 

9 

8 

173 

11 

32 

30 

2 

0 

66 

4 24 

102 

6 

48 

138 

9 

12 

174 

11 

36 

31 

2 

4 

67 

4 28 

103 

6 

52 

139 

9 

16 

175 

11 

40 

32 

2 

8 

6 s 

4 32 

104 

6 

66 

140 

9 

20 

176 

11 

44 

33 

2 

12 

69 

4 36 

105 

7 

0 

141 

9 

24 

177 

11 

48 

34 

2 

16 

70 

4 40 

106 

7 

4 

142 

9 

28 

178 

11 

52 

35 

2 

20 

71 

4 44 

107 

7 

8 

143 

9 

32 

179 

11 

66 

36 

2 

24 

72 

4 48 

108 

7 

12 

144 

9 

36 

180 

12 

0 


In the above table the narrow columns contain degrees or minutes, and the broad 
ones hours and minutes, or minutes and seconds. Thus, if 4 in the first narrow column 
represent degrees, the 16 opposite to it in the broad column will be minutes ; and if 4 
represent minutes, the 16 will be seconds. If it be required to change 4" 20^ into 
time ; opposite to 4 will be found 16, which, in this case is minutes, and opposite to 
20' stands 1 minute 20 seconds, which added to 16 minutes, gives 17 minutes 20 
seconds, the time answering to 4* 20'. 

PBOBLEM V. 

How two men may be born on the same day^ die at the same moment, and yet the one may 
have lived a day, or even two days more than the other* 

It is well known to all navigators, that if a ship sails round the world, going from 
east to west, those on board when they return will count a day less than the inha- 
bitants of the country. The cause of this is, that the vessel, following the course of 
the sun, has the days longer, and in the whole number of the days reckoned, during 
the voyage, there is necessarily one revolution of the sun leu. 
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On the other hand, if the ship proceeds round the world from west to east, lo^g 
goes to meet the sun, the days ate shorter, and during the whole circumnavigation, c 
people on board necessarily count one revolution of the sun more. 

Let us now suppose that there are two twins, one of whom embarks on board a 
vessel which sails round the world from east to west, and that the other has remained 
at home. When the ship returns, the inhabitants will reckon Thursday, while those 
onboard the vessel will reckon only Wednesday; and the twin who embarked will 
have a day less in his life. Consequently if they should die the same day, one of 
them would count a day older than the other, though they were born at the same 
hour. 

But let us next suppose that, while the one circumnavigates the globe from east 
to west, the other goes round it from west to east, and that on the same day they 
return to port, where the inhabitants reckon Thursday, for example : in this case, 
the former will count Wednesday, and the latter Friday, so that there will be two 
days' difference in their ages. 

In short, it is evident that the one is as old as the other ; the only difference is, that 
in the course of their voyage the one has had the days longer and the other shorter. 

If the latter returned on a Wednesday and the former on a Friday, the former 
would count the day of his arrival Thursday: next day would be Thursday to the 
inhabitants, and the day after would be a Thursday to those who arrived in the 
second vessel; which, notwithstanding the popular proverb, would give three 
Thursdays in one week. 


rnoBi.EM VI. 

To find the length of ang given day in any proposed latitude. 

Let the circle a box (Fig. 2.), represent a meridian, 
and A c the horizon. Assume the arc c e, equal to the 
elevation of the pole of the proposed place, for example 
London, which is 51^^31'; and having drawn nr, dffew 
D F perpendicular to it, or make the arc a r equal to the 
complement of ce, and draw r d : it is here evident that 
s D will represent the circle of 6 hours, and d f the 
equator. 

After this is done, find by the Epbemeris the sun’s 
declination, when in the proposed degree of the ecliptic, 
or determine it by an operation which we shall shew how to pei form hereafter. We 
shall suppose that the declination is north: assume the arcpM toward the arctic 
pole, equal to the declination, and through the point m draw m n parallel to r d, 
meeting the line de in o, and the horizon ac in n. Then from the point o, as a 
centre, with the radius o m, describe an arc of a circle M T, comprehended between 
the point m and n t parallel to n e. Having measured the number of the degrees 
comprehended in this arc, which may be easily done by means of a protractor, and 
having changed them into time, at the rate of 1 hour to 15 degrees, &c., the double 
of the reault will be the length of the day. 

Thus, if the length of the day at London, at the time when the sun has attained 
to his greatest northern declination, be required ; as the greatest declination is 23* 
28^. make p b equal to 23* 28', and the arc b i will be found to be 123* 6', which 
corresponds to 8h. 12m., and this doubled gives 16h. 24m., as the length of the day. 

If you have no table of the sun’s declination for each degree of the ecliptic, this 
deficiency may be supplied in the following manner. Find the number of degrees 
which the sun is distant from the nearest solstice, whether he has not yet reached 
it, or has passed it. We shall suppose tuat he is in the 23d degree of Taurus. The 
nearest solstice is that of Cancer, from which the sun, according to this supposition, 


Fig. 2. 
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B distant 37*. Draw the line b d representing a quarter of the ecliptic ; and having 
asumed, from the point b, the arcs b k and b A, each equal to 37*1 draw k A, inter- 
ecting B D in L : if m n be then drawn through the point l , it will give the position 
>f the parallel required. 

All these things may be found much more correctly by trigonometrical calcula* 
Jon. Thus, in the case in band, add together the log, tangents of the latitude and 
lecli nation, and the sum, rejecting 10 from the index, is the log. sine of an arc ; 
which, added to or taken from 90“, according as the latitude and declination are 
of the same or contrary denominations, and the sum or remainder reduced to time, 
the result is half the length of the day. 

PBOBLFM VII. 

TAe longest day in any place being given^ to find the Latitude. 

This problem is the converse of the preceding, and may be solved without much 
difficulty ; for the longest day, in all places of the northern hemisphere, always 
happens when the sun has just entered the sign Cancer. Let 
FD (Fig. 3.) then represent the celestial equator, or rather its 
diameter, and b l that of the tropic of Cancer. On the latter 
describe a circle b k l ; and having assumed the arc b k equal to 
the number of degrees corresponding to half the length of the 
given day, at the rate of 15“ for one hour, draw km perpen- 
dicular to B L ; if the diameter n M o be then drawn through the 
point M, the angle p c o will be the elevation of the pole, or 
latitude of the place. 

The same Trigonometrically, 

From the sum of the log, cotangent of the declination, and the log, sine of half the 
len^h of the day diminished by twelve hours, deduct 10, and the remainder is the 
log. tangent of the latitude. 



PROBLEM vin. 

The Latitude of a place being giveuy to find the Climate in which it is situated. 

In astronomy, the name climate is given to^’an interval, on the surface of the 
earth, comprehended between two parallels under which the difference of the longest 
days is half an hour : thus the days in summer, under the parallel, whether north or 
south, distant from the equator 8® 25', being 121». 30m, this interval, or the zone com- 
prehended between the equator and that parallel, is called the first climate. 

The limits of the different climates may therefore be easily determined, by finding 
in what latitudes the days arc 12^ hours, 13, 13J, 14, &c. The following is a table 
of all these climates. 


Climates. 


Latitude. 

Latitude. 

Climates. 

Utitude. 

Latitude. 

1 

from 

0“ 

O' to 

8® 

25' 

XIII from 

58® 

2^ to 

59® 

58' 

II 


8 

25 • ■ • • 

16 

25 

XIV .... 

59 

58 .... 

61 

18 

III 


16 

25 .... 

23 

50 

XV 

61 

18 .... 

62 

25 

IV 


23 

50 .... 

30 

20 

XVI .... 

62 

25 .... 

63 

22 

V 


30 

20 .... 

36 

28 

XVII .... 

63 

22 .... 

64 

6 

VI 


36 

28 .... 

41 

22 

XVIII .... 

64 

6 ... 

64 

49 

VII 


4) 

22 .... 

45 

29 

XIX .... 

64 

49 .... 

65 

21 

VIII 


45 

29 .... 

49 

21 

XX 

65 

21 .... 

65 

47 

IX 


49 

21 .... 

51 

28 

XXI .... 

65 

47 .... 

66 

6 

X 


51 

28. .... 

54 

27 

XXII .... 

66 

6 .... 

66 

20 

XI 


54 

27 .... 

56 

37 

XXIII .... 

66 

20 .... 

66 

28 

XII 


56 

37 .... 

58 

29 

XXIV .... 

66 

28 .... 

66 

31 


2£ 
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Ag tbc longest day at tbe polar circle is 24 hours, and at the pole 6 months, there 
are supposed to be six climates between that circle and the pole. 

Climates. Latitude. Latitude. Climates. Latitude. Latitude. 

XXV from GG** 31' to G7” SO' XXVITI from 73“ 20' to 78" 21/ 

XXVI .. 67 30 ...• 69 30 XXIX .. 78 20 .... 84 0 

XXVII .. 69 30 .... 73 20 XXX .. 84 0 .... 90 0 

Now if it be asked in what climate London is, it may be easily replied that it is in 
the tenth; its latitude being 51“ 31', and its longest day 16i» 34ni. 

Jiemark The idea of climates belongs to the ancient astronomy ; but the modern 

pays no attention to this division, which in a great measure is destitute of coi i ectness, in 
consequence of the refraction ; for if the refraction betaken into account, as it ought 
to be, whatever Ozanam may say, it will be found that, under the polar circle, the 
longest day, instead of 24, will be several times 24 hours ; for as the horizontal re- 
fraction elevates the centre of the sun 32' at least, the centre of that luminary ought 
consequently never to set between the 9th of June and the 3d or 4th of July ; and 
the upper limb, from the 6th of June to the Gth of July ; this makes a complete 
month, during which the sun would never be out of sight. 

PROnLLM IX. 

To measure a degree of a great circle of the earthy and even the earth itself. 

The rotundity of the earth, that i*. to say its being a globe, or of a form approaching 
very near to one, is proved by a numbei of astronomical phenomena ; but we think 
it needless to enumerate the«^e proofs, which must be known by those who are in the 
least acquainted with the princijiles of philosoi»hy and the inathemutRs. 

We shall here then suppose that the earth is pcifecll^ spherical, us it apparently is ; 
and shall begin our reasoning on that hjpothesis. 

What is called a degree of the meridian on the earth, is nothing elie than the dis- 
tance between tw'o observers, the distance between whose zeniths is equal to 
a degree, oi the geometrical distance between two places lying under the same 
meridian, the latitudes of which, oi their devation of the pole, differ a degiee. 
Ilencc, if a person proceeds along a mendiun of the eaith, measuring tlie way 
he travels, he will have passed over a degree when he finds a degree of dif- 
ference between the latitude of tbc place wliicb he left, and that at which lie 
has arrived ; or when any star near the zenith of his first station has approached or 
receded a degree. 

Nothing then is necessary but to make choice of two places, situated under the 
flame meridian, tbc distance and latitudes of wdiieli are exactly known ; for if the less 
latitude be taken from the greater, the remainder wdll be the arc of the meridian 
comprehended between tbc two places ; and thus it will be known llial a certain 
number of degrees and minutes correspond to a certain number of toisos, or yards, or 
feet, &c. All then that remains to be done, is to make use of tbc following propor- 
tion. As the given number of degrees and minutes, is to the given number of toiscs, 
yards, or feet, so is one degree to a fourth term, which will be the toises, yaids, or 
feet corresponding to a degree. 

But as the stations chosen may not lie exactly under the same meridian, but nearly 
80 , as Paris and Amiens, the meridional distance between their two parallels must be 
measured geometrically ; and when this distance, as well as the difference of latitude 
of the two places, is known, the number of toises, yards, or feet corresponding to a 
degree may be found by a proportion similar to the preceding. 

This was the method employed by Picard to determine the length of a terrestrial 
degree, or the meridian in the neighbourhood of Paiis. By a series of trigonometrical 
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operation-5, he measuied the distance between the pavilion of Malvoisinc, to the 
south of Paris, as far as the steeple of Amiens, reducing it to the inendian, and found 
it to be 78907 toises. He found also, by astronomical obervations, that the cathe- 
dral of Amiens was 1® 22' 58'Marthcr noith than the pavilion of MalvoUine. By 
making this proportion then : As 1® 22^ 68" are to one degree, so are 7B907 toises to 
67057, he concluded that a degree w’as equal to 57067 toises. 

l^icard’s measurement having been since lectified in some points, it has been found 
that this degree is equal to 57070 toises. 

Corollaries. — I. Thus, if we suppose the earth spheiical, its circumference will 
be 20545200 French toises = 24881 *8 English miles. 

II. Its diameter will easily be found by making use of the following proportion: 
as the cii cumlerence of the circle is to its diameter, or as 314159 is to 100000, so is 
the above number to a fourth term, which is 0630190 toises = thc diameter of the 
earth = 7920 12 English miles. 

III. If we suppose its surface to be as smooth as that of the sea during a calm, its 
superficial content will be found to be 134104182859200 square toises = 1970011850 
English square miles. The rule for obtaining tins result is ; Multiply the circumfe- 
rence by half the radius, and then quadruple the piodiict; or still shorter, multiply 
the ciicumfeicncc by the diameter. 

IV. To find the solidity : Multiply the superficial content, above found, hy a third 
of the ladius, which will give 140019735041730007200 cubic toises = 200124289920 
English cubic miles. 

Jtemark . — The operation performed by Picard between Paris and Amiens, was 
aftci wards continued throughout the whole extent of the kingdom, both north and 
south ; that is to say, fiom Dunkirk, wdieie the elevation ol the pole is 51'' 2' 27", to 
(’ollioiiie, the latitude of wlindi is 42' 31' 10": the distance therefore between tlie 
paiallels of these two places is 8^ 31' 11". But it was lound at the same time, by 
measurement, that the distance between these parallels was 480058 toisi's, which 
gives ioi a mean digree in the vvhole extent of France 57051 toises; and by correc- 
tions made afterw'aids, this number was ledueed to 57038. 

Dining this operation care was aUo taken to determine the distance of the first 
ineiidiaii, which in Fiance is that of the observatory of Ihuis, lioni the piineipal places 
between W'hich it p'asses. 

The meridian of France rontinuc'd, enters Spain, leaving Gironne on the cast, at the 
distance of about ^ of a dcgice ; passes two or three thousand toises to the east of 
Bareclona, traverses very nearly the ihlaiid of Majoica, to the east of that city, and 
then enters Africa, about hcveii inimites of a degree west of Algiers. But we shall 
not follow its course farther through unknown nations and countries, and shall only 
observe that it issues from Africa in the kingdom of Ardra. The astronomers 
of France have, since the above, repeated the mcasiiiement of the said arc fbrough 
the country, with no great diffeience; from whence they have deduced the length 
of the meridional quadrant, which has been assumed as the standard of the new uni- 
versal measures. Also several degvees of the meridian througli England are now 
mcasuiing by Colonel Mudg§, and <3olonel Colby, of the Royal Aitillcry, under 
the auspices of the Master General and Board of Ordnance ; and an arc exceeding 
in amplitude all others that have yet been measured, is in course of execution in 
India. 


PROBLEM X. 

Of the real figure of the Earth. 

We have already said that the lotundity of the earth is proved by various astrono- 
mical and physical phenomena ; but these phenomena do not prove that it is a perfect 

2 L 2 
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Sphere. Accurate methods for measuring it were no sooner employed, than doubts 
began to be entertained respecting its perfect sphericity. In fact, it is now demon- 
stinted that our habitation is flattened or depressed towards the poles, and elevated 
about the equator ; that is to say, the section of it through its axis, instead of being 
a circle, is a figure approaching very near to an ellipse, the less axis of which is the 
axis of the earth, or the distance from the one pole to the other, and the greater the 
diameter of the equator. Newton and Huygens first established this truth, on 
physical reasoning deduced from the centrifugal force and rotation of the earth ; and 
it has since been confirmed by astronomical observations. 

The manner in which Newton and Huygens reasoned, was as follows. If we 
suppose the earth originally spherical and motionless, it would be a globe,. the greater 
part of the surface of which would be covered with water. But it is at present 
demonstrated, that the earth has a rotary motion around its axis, and every one knows 
that the effect of circular motion is to make the revolving bodies recede from the 
centre of motion : thus the waters under the equator will lose a part of their gravity, 
and therefore they must rise to a greater height, to regain by that elevation the force 
necessary to counterbalance the lateral columns, extended to other points of the earth, 
where the centrifugal force, which counterbalances their gravity, is less, and acts in 
a less diicct manner. The waters of the ocean then must lise under the equator as 
soon as the earth, supposed to be at first motionless, assumes a rotary motion round 
its axis : the parts near the equator will rise a little less, and those in the neighbour- 
hood of the poles will sink down ; for the polar column, as it expeiiences no centrifu- 
pal force, will be the heaviest of all. This reasoning cannot be weakened, but by 
supposing that the nucleus of the earth is of an elongated form ; or by supposing a 
singular contexture in its interior parts, expressly adapted for producing that effect ; 
but this ib altogether improbable. 

The philosophers however on the continent persisted a long time in refusing to 
admit this truth. Their principal arguments against it were founded on the measure- 
ment of the degrees of the meridian made in France; by which it appeared tlmt a 
degree was less in the northern part of the kingdom than in the southern, and hence 
they concluded that the figure of the earth was a spheroid elongated at the poles. 
If the earth, said they, were perfectly spherical, by advancing uniformly under the 
same meridian, the elevation of the pole would be uniformly changed. Thus, in 
advancing from Paris, for example, towards the north 57070 toises, the elevation of 
the pole would vary a degree ; and to make the elevation of the pole increase ano- 
ther degree, it would be necessary to advance towards the north 57070 toises more ; 
and so on throughout the whole circumference of a meridian. 

If, in proportion as we proceed northwards, it is found necessary to travel farther 
than the above number of toises before the latitude is changed one degree, there is 
reason to conclude that the earth is not spherical, but that it is less curved or more 
flattened towards the north, and that the curvature decreases the nearer we approach 
the pole, which is the property of an ellipsis having its poles at the extremities of its 
less axis. In the contrary case, it would be a proof that the curvature of the earth 
decreased towards the equator ; which is the property of a body formed by the revo- 
lution of an ellipsis around its greater axis. 

But it was believed in France at first, that the degrees of the meridian were found 
to increase the more they approached the south. The degree measured in the neigh- 
bourhood of Collioure, the austral boundary of the meridian, appeared to be equal to 
57192 toises, while that in the neighbourhood of Dunkirk, which was the most 
northern, seemed to be only 56954. There was reason therefore to conclude that 
the earth was an elongated spheroid, or formed by the revolution of an ellipsis around 
its greater axis. 

The partisans of the Newtonian philosophy, at that time too little known in France. 
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replied, that these observations proved nothing, because the above diifercncc, being 
so inconsiderable, could be ascribed only to the errors unavoidable in such operations. 
As 19 toises correspond to about a second, the 2^38 toisesof difierciice would amount 
only to about 12 seconds ; an error which might have arisen from various causes : 
they even asserted that this difference might be on the opposite side. 

To decide the contest, it was then proposed to measure two degrees as far distant 
from each other as possible, one under the equator, and the other as near the pole as 
the cold of the polar regions would admit. For this purpose, Maupertius, Camus, 
and Clairaut, were dispatched by the king, in the year 1 735, to measure a degree of 
the meridian at the bottom of the Gulf of Bothnia, under the arctic polar ci^^cle ; 
and Bouguer, Godin, and Oondamine were sent to the neighbourhood of the equator, 
where they measured, not only a degree of the meridian, but almost three. It 
resulted from these operations, performed with the utmost care and attention, that a 
degree near the polar circle was equal to 57422 toises, and that a degree near the 
equator contained 56750, which gives a difference of 672 toises, and therefoie too 
considerable to be ascribed to the errors unavoidable in the necessary observations. 
Since that time it has been generally admitted that the earth is flattened towards the 
poles, as Newton and Huygens asserted. We shall here add that the measurements 
formerly made in France having been repeated, it was found that the degree goes 
on increasing from south to north, as ought to be the case if the earth be an oblate 
spheroid. 

This truth has been since confirmed by other mensurements of the meridian, made 
in different parts of the c<sith. The Abbe de la Caille having measured a degree 
at the Cape of Good Hope, that is under the latitude of about 33“ south, found it to 
be 57037 toises ; and in 1755, Fathers Maire and Boscovich, two Jesuits, having mea- 
sured a degree in Italy, in latitude 43“, found it to be 50970 ; it is thcretore certain 
that the degrees of the terrestrial meridian goon increasing fiom the equator towards 
the poles, and that the earth has the form of an oblate spheroid. 

Other operations of the same kind for measuring a degree of the terrestrial me- 
ridian have been since undertaken at different times, as by the Abbe Liesganig in 
Germany, near Vienna ; by Father Beccaria in Lombardy ; and by Messrs. Mason 
and Dixon, members of the Royal Society of London, in North America ; and again 
more lately by Mechain and De Lumbre in France. They all confirm the diminution 
of the teriestrial .degrees as they approach the equator, though with inequaliticB 
difficult to be reconciled with a regular figure. But it may here be asked, why should 
the earth have a figure perfectly regular? 

It is, indeed, impossible to determine with perfect accuracy the proportion be- 
tween the axis of the earth and its diameter at the equator ; it has been proved that 
the former is shorter, but to find their exact ratio would require observations which 
can be made only at the pole. However the moat probable ratio is that of 177 to 
178. 

Consequently, if this ratio be admitted, the axis of the earth, from the one pole to 
the other, will be 6525376 toises, and the diameter of the equator 6562242. 

In the last place, the difference between the distance of any pdlnt of the equator 
on a level with the sea, to the centre of the earth, and the distance of the pole from 
the same centre, will be 18433 toises, or about 22 English miles. 

Since Montucla wrote the above, however, the French astronomers Mechain and 
De Lambre, in 1799, completed their measurement of the meridian, from Dunkirk in 
France, to near Barcelona in Spain, an extent of almost 10 degrees ; from whence 
it has been more accurately deduced, that the flattening of the earth at the poles is 
only the 334th part, the ratio of the axes being that of 334 to 333 ; that the polar 
axis is 7899J English miles, the equatorial diameter 7923^ miles, their half difference 
only 11) miles, which is the height of the equator more than at the pole, from the 
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centre; the mean diameter 791 miles the mean circumference 24873j miles, the 
greatest or equatorial circumference 24892? miles, the least or meridional circle 24855 
miles, and the difference of the two 37J miles. 

Corollaries. — I. From what has been said, several curious truths may be deduced. 
The first is, that all bodies, except those placed under the equator and the poles, do 
not lend to the centre of the earth ; for a circle is the only figure in which all the 
lines perpendicular to its circumference tend to the same point. In other iigures, 
the curves of which are continually varying, as is the case with the meridians of the 
earth, the lines perpendicular to the circumference all pass through different points 
of the axis. 

IT. The elevation of the waters under the equator, and their depression under the 
poles, being the effect of the earth’s rotation around its axis, it may be readily con- 
ceived that if this rotary motion should be accelerated, the elevation of the waters 
under the equator would increase ; and as the solid part of the earth has assumed, 
since its creation, a consistence which will not suffer it to give way to such an ele- 
vation, the rising of the waters might become so great, that all the countries lying 
under the equator would be inundated ; and in that case the polar seas, if not very 
deep, would be converted into dry land. 

On the other band, if the diurnal motion of the earth should be annihilated, or 
become slower, the waters aceuinulatcd, and now sustained under the equator, by 
the centrifugal force, would fall hack towards the poles, and overwhelm all the 
polar parts of the earth : new islands and new continents would he formed in the 
tort id zone by the sinking down of the waters, which would leave new tracts of land 
uncovered. 

JRemnrk We cannot help here rcmaiking one advantage which France, and all 

countries near the mean latitude of about 45 degrees, would in this case enjoy. It 
such a catastrophe should take place, these countries would be sheltered from the 
inundation, because the spheroid, which is the real tigino of the earth at present, 
and the globe or less oblate spheroid into winch it would be changed, would have 
their intersection about the 45th degree ; consequently the sea would not be altered 
in that latitude. 


PROBLEM XI. 

To determine the length of a degree on any given parallel of latitude. 

As the difference between the greater and less diameter of the earth does not 
amount to the 300th part, in this and the following problems we shall consider it as 
absolutely spherical ; especially as the solution of these problems, if we supposed 
the earth to be a spheroid, would be attended with difficulties inconsistent wdlh the 
plan of this wojk. 

I^et it be proposed then to deteimine how many miles or yards are equal to a de- 
gree on the parallel passing through London ; that is to say under the latitude of 51 
degrees 31 minutes This problem may be solved cither geometrically or by calcu- 
lation, according to the following methods. 

1st. Draw any straight line ab (Fig. 4.), and divide it into 
23 equal parts, because a degree of the equator contains 69* 14 
miles, or about 23 leagues. Then from the point a as a centre, 
with the distance a b, describe the arc bc, equal to 51*31 ; 
and from the point c draw c d perpendicular to a b : the part 
A D will indicate the number of leagues contained in a degree 
on the parallel of 51® 31 . 

2d. This however may be found much more correctly by trigonometrical calciiln- 
tion; for which purpose nothing is necessary but to make use of the following pro- 
portions: viz. 


Fig. 4. 
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Rad. ; cosine lat. : \ the miles in a degree of the equator : to the miles in a de- 
gree of the parallel. 

The above is worked by logarithms in the following manner : 


As Radius lO’OOOOOOO 

is to the cosine of the latitude 51° 3r. . . . 9*7939907 

So is the number of miles contained in 
a degree of the meridian, viz. G9 14. . . . 1*8397294 

to a fourth term 1 *6337201 


which in the table of logarithms will be found answering to 43*025 miles, as before. 
A degree therefore on the parallel of London contains nearly 43 miles, or about 
75643 yards. 

The demonstration of this rule is easy, if it be recollected that the circumferences 
of two circles, or degrees of these circles, are to each other in the ratio of their 
radii. But the radius of the parallel of London is the cosine of the latitude ; whereas 
the radius of the earth, or of the equator, is the real radius or sine of 90®, and hence 
the above rule. 

3d. If the circumference of the earth at the given parallel be required, nothing is 
necessary but to multiply the degree found as above by 360: thus as a degree on the 
parallel of London is equal to 43 miles, if this number be multiplied by 360, we shall 
have 15480 miles, for the whole circunifercnce of the circle of that parallel. 

The following table, which ‘■hews the number of miles contained in a degree on 
every parallel, from the equator to the pole, is computed on the supposition that the 
length of the dcirrces of the equator are equal to those of the meridian, at the 
medium latitude ot 45", which length is nearly English miles. 
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PROBLEM XII. 

Given the latitude and longitude of any two places on the earth, to find the distance 

between them. 

We must here observe, that the distance of any two places on the surface of the 
earth, ought to be the arc of the great circle intercepted between them. The distance 
therefore of any two places, lying under the same parallel, is not the arc of that pa- 
rallel intercepted between them, but an arc of a great circle, having the same 
extremities as that arc ; for on the surface of a sphere, it is the shortest way from one 
point to another, as a straight line is upon a plane surface. 

This being premised, it may be readily seen that this problem is susceptible 
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of several cases; for the two places proposed may lie under the same meridian ; that 
is to say have the same longitude*, but different latitudes ; or they may have the 
same latitude ; that is, lie under the equator or under the same parallel ; or in the last 
place, their longitudes and latitudes may be both different : there is also a subdivision 
into two cases, viz. one where the two places are in the same hemisphere, and another 
where one is in the northern and the other in the southern hemisphere. But we shall 
confine ourselves to the solution of the only case which is attended with any 
difficulty. 

For it is evident that if the two places are under the same meridian, the arc which 
measures their distance is their difference of latitude, provided they are in the same 
hemisphere, or the sum of these latitudes if they are in different hemispheres. 
Nothing then is necessary but to reduce this arc into leagues, miles, or yards, and 
the result will be the distance of the two places in similar parts. 

If the places lie under the equator, the amplitude of the arc which separates them 
may be determined with equal ease ; and can then be reduced into leagues, miles, &c. 

Let us suppose then, which is the only case attended with difficulty, that the 
places differ both in longitude and latitude, as London and Constantinople, the for- 
mer of which is 28° 53' farther west than the latter, and 10° 31' farther north. If we 
conceive a great circle passing through these two cities, the arc comprehended be- 
tween them will be found by the following construction. 

From A as a centre (Fig. 5.), with any opening of the com- 
Fig» 5* passes taken at pleasure, describe the semicircle b c d e, 

^ representing the meridian of London. Take the arc b f 
equal to 51® 31', which is the latitude of London, in order to 
place in r, and draw the radius a f. 

^ - -/JW In the same semi-circle, if the arcs b c and e u be taken 

I X . J each equal to 41®, the latitude of Constantinople, the line c d 

:E ^ B will be the parallel of Constantinople, the place of which 
must be found in the following manner. 

On c D as a diameter, describe the semi-circle cod ; and in the circumference of it 
take the arc c o equal to the difference of longitude between London and Constan- 
tinople, that is 28^ 53' ; then from the point c draw c h, perpendicular to c d, to have 
in H the projection of the place of Constantinople ; and from the point h draw hi, 
perpendicular to a F and terminated at i by the arc b c d e : if the arc f i be 
measured, it will give the distance required in degrees and minutes. In this case it 


is about 22 degrees. • 
Fig. 6. 



If one of the places be on the other side of the equator, 
as the city of Fernambouc in Brazil is in regard to London, 
being in 7® SCV of south latitude, the arc d c must be assumed 
on the other side of the diameter b e, (Fig. G.), equal) to 
the latitude of the second place given, which is here 7“ Sff ; 
and as the difference of longitude between London and Fer- 
nambouc is 35^ S', it will be necessary to make the arc c a 
= 35® 5'. By these means the arc f i will be found to 


be equal to about 66° t» which reduced into miles of 69'07 to a degree, gives 4558 
miles for the distance between London and the almvc city of Brazil. 


This problem may be solved trigonometrically thus : If the latitudes are both 
north or both south, either add them both to 90°, or subtract them both from 90° ; if 


one is north and the other south, add either to 90° and subtract the other. Call the 


results / and /', and the difference long. e. 

Then call half the sum of / and /' arc 1, and add together (in logarithms) twice 


* CaleuiatUm by •phorical tiigoaometry gives 32 deg. 33 min. 
i Tngouametrtcal cnlculatkMft gives eo deg. 13 mia. 
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the cosine of half l, and the sines of / and and half the sum, rejecting tens, will be 
the sine of arc 2 : add together the sines of the sum and diffeiende of arcs 1 and 2 , 
and half the sum will be the sine of half the required distance. 

Remark . — When the distance between the two places is not very considerable, as 
is the case with Lyons and Geneva, the latter being only 36^ farther north than the 
former, and more to the east by 6 minutes of time, which is equal to 1 * SO' under 
the equator, the calculation may be greatly shortened. 

For this purpose, take the mean latitude of the two places, which in this instance 
is 46° 4\ and find by the preceding problem the extent of a degree on the parallel 
passing through that latitude, which will be = 47*922 miles. The difierence of longi- 
tude between these places is 1” 3(K. which on that parallel, allowing 47*922 miles to 
a degree, gives 71*88 miles, and the miles corresponding to the didference of latitude 
are 41*44. 

If we therefore suppose a right angled triangle, one of the sides of which adjacent 
to the right angle is 41*44 miles, and the other 71 ‘88, by squaring these two numbers, 
adding them together, and extracting the square root of the sum, we shall have the 
hypotheiiu«e equal to 82*97 miles ; which will be the distance, in a straight line, 
between Lyons and Geneva. 

As this is the proper place for making known the measures employed by different 
nations, in measuring itinerary distances, it will doubtless be gratifying to our readers 
to find here a table of them, especially as it is difficult to collect them : for the same 
reason we have added some of the itinerary measures of the ancients, the whole 
expressed in English feet. 

TABLE OF ITINERARY MEASURES, 

ANCIENT AND MODERN. 


Ancient Greece. 

Feet. 

The Olympic stadium 604 

A smaller stadium 482 

The least stadium 322 

Egypt. 

The schsnus 19421 

Persia. 

Tbeparasangorfarsang 14499 

Roman Empire. 

The mile (jniUiare) 4833 

Judea. 

The rast or stadium 486 

The berath or mile 3640 

Ancient Gaul. 

The league {leug) 7249 

Germany. 

The rast or league 14498 


Feet. 

The mile 12^ to a degree 28995 

The same 15 to a degree 24292 

Arabia. 

The mile 6929 


France. 

The mile of 1000 French toises . . 6392 

The small league of 30 to a degree 12159 
The mean league of 25 to adegree 14594 
The great or marine league of 20 


to a degree 18238 

Sweden. 

The mile 35050 

Denmark. 

The mile 25123 

England, 

The mile . • . . 5280 

Scotland. 

The mile 7333 
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Ireland. 


Rusaia. 


The mile 


Feet, 

6724 


Spain. 


The league {legale of 5000 vana) 13724 
The common league 17 J to a de- 
gree 20846 


The ancient werst . • • • 
The modern werst .... 

Turkey. 

The agash 


India. 


Italy. 


The Roman mile.. 
The Lombard mile 
The Venetian mile 


Poland. 

The league 


4909 

5425 

0.341 


The little coss 

The great coss 

The gau of the Malabar coast . . 
The nari or nali of the same .... 

China. 


18223 


I The present li 

I The pu, equal to 10 lis 


Feet. 

4193 

3497 


16211 


8579 

98:>7 

3^350 

5753 


1885 

18857 


Tho^e values are extracted fiom a work h} Danville, entitled Traite des Mesures 
ifint'ranes ancirnne^ et moderneHy Pans, 1708, 8vo., in which this subject is treated 
with great onidition and <;airacit} ; so that, amidst the uncertainty which prevails in 
r<’^tud to the preci‘>e relation hetweeu tlKwtMncaMires and ours, the evaluations given 
h) D Ml villi* may he consideied as the most probable, and the best founded. We 
Uivc deviatid thcicforv* in many points from tho-c given by Ohristiaiii, in his book 
Df Ih Mt»ui e d'ogne gem re antiche <' moda ne. Thn work is valuable in some respects ; 
but the snbji'ct i» far tiom bring examined tlicrc in so profound a manner us it has 
been by Danville. 


PRoni.KM xirr. 

To represent the tctrestrial Globe in piano, 

A map, which represent** the whole supeiticies at the terrestrial globe on a flat 
surface, i*» called a planisphere, or general map of the world. 

\ map of this kind is generally lepie'.ented in two hemN[?lieres ; because the arti- 
ficial globe, which rcpresimt** the globe of the earth, cannot be all seen at one view • 
hence, win n delineated in piano, it is necessar) to divide it into two halves, each of 
which is called a hemisphne. It may be thus represented in three ways. 

The first is to repre.sent it as divided hy the plane of the meridian into two hemis- 
pheres, one eastern the otlier western. This method is that generally used for a map 
of the world, beeause U exlnhits the old continent in the one hemisphere, and the 
whole of the new in the other. 

The second is to repre>,eiit it a*j diviTlcd by the equator into two hemispheres, the 
one northern and the other southern. This representation is in some cases attended 
W'ith advantage, beiause the disposition of the most northern and most southern 
countries are better seen. Some maps of this kind have been published, in which 
the tracts pursued t>y our modern navigators, and all the discoveries made by them 
in the South Seas, are accurately delineated. 

The third method is to exhibit the globe of the earth as divided by the horizon 
into two hemispheres, the upper and lower, according to the position of each. 

Under certain circumstances, this form has its advantages also. The disposition 
of the different parts of the earth, in regard to the proposed place, are better seen, 
and a great many geographical problems ran be solved by it with much greater 
facility. 

Father Chrysologue of Gy, in Fninche-Comte, published some years ago two he- 
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mispberes of this kind, the centre of one of which w'as occupied by Paris ; and he 
added an explanation of the different uses to which they might be applied. 

Two methods may be employed in these representations. 

According to one of them, the globe is supposed to be seen by the eye placed 
without it ; and such as it would appear at an infinite distance. 

According to the other, each hemisphere is supposed to be viewed on the concave 
side ; as if the eye were placed at the end of the central diameter, or at the pole 
of the opposite hemisphere ; and it is conceived to be projected on the plane of its 
base. Hence arise the different properties of these representations, which we shall 
here describe. 

I. When the globe is represented as seen on the convex side, and divided into 
two hemispheres by tlie plane of the first meridian, the eye is supposed to be at an 
infinite distance, opposite to the point where the equator is intersected by the 90lh 
meiidian. All the meridians are then represented by ellipses, the first excepted, 
which is represented by a circle, and the 90th which becomes a straight line: the 
parallels of latitude also are represented by straight lines. This representation is 
attended wdth one great fault, viz., that the parts near the first meridian are very 
much contracted, on account of the obliquity under which they present them- 
selves. 

When the hemispheres are rcpicsented by the second method, that is to say as seen 
on the concave side, and projected on the plane of the meridian, the contrary is the 
case. It is supposed, in regaid to the eastern hemisphere, that the eye is placed at 
the extremity of the diameter which passes through the place where the equator and 
the 90th meridian intersect each other. In this case there is more of equality he- 
tween the distances of the meridians; and even the parts of the earth represented 
in the middle of the map lie somewhat closer than those towards the edges. Be- 
sides, all the meridians and parallels are repicsentcd by arcs of a circle, which is very 
convenient in constructing the map It is attended however with this inconvenience, 
that the paits of the eaitli ha^e an appearance different from what they have When 
seen from without. Asia for example is seen on the left, and Europe on the right ; 
but this may be easily remedied by a counter-impression. 

II. If a projection of the earth on the plane of the equator be required, the eye 
according to tlie first method may be supposed at an infinite distance in the axis 
produced : the polo will then occupy the centre of the map ; the parallels will be 
concentric circles, and the meridians straight lines. But it is attended with this 
inconvenience, that the parts of the cuth near the equator will be very much con- 
tracted. 

For this reason it will be bettei to have recourse to the second method, which 
supposes the northern hemisphere to be seen by an eye placed at the south pole, and 
xfice versa : as there is here an inversion ot the relative position of the places, it may 
be remedied in like manner by a counter-impression. 

III. If the eye be supposed in the zenith of any determinate place, as of London 
for example, and at an infinite distance, we shall have on the plane of the horizon a 
representation of the terrestrial hemisphere, the pole of which is occupied by Lon- 
don, and which is of the third kind. But this representation will still be attended 
with the inconvenience of the places near the horizon being too much crowded. 

This defect however may be remedied by employing the second method, or by 
supposing the above hemisphere to be seen through the horizon by an eye placed in 
the pole of the low er hemisphere ; the diffeicnt meridians w ill then be represented 
by arcs of a circle, as will also the parallel : the nicies representing the distance 
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from the proposed place, to all other places of the earth, will be straight lines. The 
inversion of position may be remedied as in the preceding cases. 

The numerous uses to which this particular kind of projection can be applied, may 
be seen in a work published by Father Chrysologue in 1774, and which was intended 
as an explanation of his double map of the world, already mentioned. 

Various other projections of the globe might be conceived ; and by supposing the 
eye in some other point than the pole of the hemisphere, more equality might be 
preserved between the parts lying near to the centre and the edges of the projection ; 
but this would be attended with other inconveniences, viz., that the circles on the 
surface of the sphere or globe would not be represented by circles or straight lines, 
which would render a description of them difficult. It is therefore better to adhere 
to the projection where the eye is supposed to be in the pole of the hemisphere 
opposite to that intended to be represented ; whether the terrestrial globe, as in 
common maps, is to be projected on the plane of the first meridian, or whether 
it be required to project it on the plane of the equator, or on that of the horizon 
of any determinate place. 

A series of six maps of the stars, prepared under the direction of J. W. Lubbock, 
Esq., has recently been published by the Society for the diffusion of Useful Know- 
ledge. If we conceive the celestial sphere to be inscribed in a cube, touching at 
the poles, and at four equi-distant points on the equinoctial ; then if lines be drawn 
from the centre of the sphere through the stars as depicted on its surface, these lines 
continued will, on the faces of the squares, give the projected places of the stars. 
This is the construction which Mr. Lubbock has adopted : and it is certainly attended 
with many and great advantages. 


PROBLEM XIV. 

The latitude and longitude of two places^ London and Cayenne for example^ being 
given ; to find with what point of the horizon the line drawn from the one to the 
other correspondn ; or what angle the azimuth circle^ drawn from the former of these 
places through the other t makes with the meridian. 

The solution of this problem is attended with very little difficulty, if spherical 
trigonometry be employed, as it is reduced to the following : the two sides of a 
spherical triangle and the included angle being given, to find one of the other two 
angles. But for want of trigonometrical tables, which I had lost with all my bag- 
gage in consequence of shipwreck, 1 found myself obliged, on a certain occasion, to 
solve this problem by a simple geometrical construction, which 1 shall here de- 
scribe. I cannot however help mentioning the singular circumstance which con- 
ducted me to it. 

Being at the island of Socotora, near Madagascar, on board a vessel belonging to 
the East India Company, which had touched there, I formed an acquaintance with a 
devout Mussulman, one of the richest and most respectable inhabitants of the island. 
As be soon learned, by the astronomical observations which he saw me make, that I 
was an astronomer, be requested me to determine, in his chamber, the exact direction 
of Mecca ; that be might turn himself towards that venerable place when he re- 
peated his prayers. I at first hesitated on account of the object; but the good 
lahia (that was his name) begged with so much earnestness, that I was not able to 
refuse. Having neither charts nor globes, and knowing only the latitude and longi- 
tude of the two places, I had recourse to a graphic construction on a pretty large 
scale. I determined the angle of position which Mecca formed with the above 
island ; and traced out, on the floor of his oratory, the line in the direction of which 
he ought to look, in order to be turned towards Mecca. Words can bard y express 
bow much the good lahia was gratified by my compliance with his wishes ; and I 
have no doubt, if still alive, that he offers up grateful prayers to bis prophet for my 
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conversion. But let us return to our problem, in which we shall take, by way 
of example, London and Cayenne. 

To resolve it by a geometrical construction, de- 
scribe a circle to represent the horizon of London, 
which we shall suppose to be in the centre p : the 
larger this circle is, the more correct will the ope- 
ration be. Draw the two diameters a b and c d, 
cutting each other at right angles : and having 
assumed d n, equal to the distance of London from 
the pole, draw the radius n p, and p e perpendicular 
to it, which will represent a radius of the equator : 
make the arc e k equal to the distance of the se- 
cond place from the equator, which, in regard to Cayenne, is 4° 56' ; draw also k p 
and K G perpendicular to the radii p b and p n ; and from the point o draw o o per- 
pendiciilar to the diameter a b, and continue it on both sides : if from o as a centre, 
with the radius o r, a semicircle r h q be then described on the line R o q, the points 
R and Q will necessarily fall within the circle ; because P o being greater than p o, we 
shall have, on the other hand, o k or or less than o s. 

Having described the semicircle R h q, assume the arc h i equal to the difference 
of the longitudes of the two places, that is towards the side c, which we here 
suppose to represent the west, and towards the south if the second place lies to the 
west of London and farther south, which is the case in the proposed example ; for 
Cayenne is situated to the west of London, and lies much nearer the equator. Hence 
it may be readily seen what ought to be done, if the second place lay farther north, 
or to the east, &c. The arc h i then having been taken equal to 52° 1 1', draw i L 
perpendicular to the diameter r q ; and draw h i, till it meet, in m, that diameter 
continued : if m f be then drawn, which will cut L i in T, the point T will represent 
the projection of Cayenne on the horizon of London ; and consequently, by drawing 
the line p t, the angle T p a will be that formed by the azimuth of London passing 
through Cayenne. 

It will be found, by this operation, that the line of position of Cayenne, in regard 
to London, makes with the meridian an angle of Gl°48', consequently Cayenne bears 
from London south-west by west 4 west nearly. 

It must however be allowed that this problem can be solved mechanically, by 
means of a globe, with much more ease and convenience ; for nothing more is 
necessary than to rectify the globe for the latitude of London, to screw fast the 
quadrant of altitude to that point, and then to turn it till the edge of it corresponds 
with Cayenne : if the number of degrees intercepted between it and the meridian 
be then counted on the horizon, you will have the angle it forms with the meridian. 
But as a globe may not always be at band, nor tables of sines and tangents to solve 
it trigonometrically, this want may be supplied by the graphic construction above 
described. 


r%g. 7 . 

A 



THEOREM. 

The heavenly bodies are never seen in the place where they really are : thus, for 
example, the whole face of the sun is seen above the horizon, after he is actually 
set. 

Though this has the appearance of a paradox, it is a truth acknowledged by all 
astronomers, and which philosophers explain in the following manner. 

The earth is surrounded by a stratum of a fluid much denser than that which fills 
the expanse of the celestial regions. A small portion of the terrestrial globe en- 
vtdoped by this stratum, commonly called the atmosphere, is seen represented Fig. 8. 
If the sun then be in s, a central ray s s, when it reaches the atmosphere, instead 
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of continuing itfi course in a straight line, is refracted 
towards the perpendicular, and assumes the direction 
EF. A spectator at f, must consequently see the 
sun in the line f e ; and as we always judge the ob- 
ject to be ill the direct continuation of the ray by 
which the eye is affected, the spectator at f secs the 
centre of the sun at «, a little nearer the zenith than 
he really is; and this deviation is greater, the nearer 
the body is to the horizon, because the ray then falls 
with more obliquity on the surface of the atmospheric fluid. 

Astronomers have found that when the body is on the horizon, this refraction is 
about 33 minutes ; therefore when the upper limb of the sun is. in the horizontal 
line, so that if there were no atmosphere he would seem only beginning to peep 
over the horizon, he appears to be elevated 33 minutes ; and ns the apparent diame- 
ter of the sun is less than 33 mimiles, his lower limb will appear to touch the 
horizon. Thus the sun is risen in appearance, though he is not really so, and even 
when he is entirely below the horizon. Hence follow several curious consequences, 
which deserve to be remarked. 

I. Moic than one half of the celestial sphere is ulwa>s seen ; though in every trea- 
tise on the globes it is supposed that we see only the half, for besides tin* upper 
hemisphere, wc see also a band round the horizon of about ininiiti s in breadth, 
>vhieh belongs to the lower hemisphere 

II. The days are every where longer, and the nights ‘.liorter, tlian they ought to 
be, according to the latitude of the place ; tor the apparent rUing of the sun precedes 
the real rising, and the apparent setting tollow's tin* real setting; tliereloie, llioueh 
the quantity of day and night ought to he equally lm]anc('<l at the end of the ,\ear. the 
former exceeds the latter iii a coiisiderabh* degiee. 

HI. The effect of rcfraition, above described, serve-, al-o to aecouut lor auollitr 
astronomical paradox, which is as follow’s. 

The moon may be seen eclipsed even totall) ami ( cntrall}, w’hen the sun is iiho\e 
the horizon. 

A total and central eclipse of the moon cnnm)t fake place hut wlieii the sun and 
moon are directly opposite to each other. W(' luie Mijq)o*e that tlie reader is 
acquainted with the causes of these plienouuuia, art explanation of whieh iiia\ he 
found in every elementary work on astrommiy. When thccintre of the moon there- 
fore, at the time of a total eclipse, is in the latirmal hon/.on, the centre of tlu' sun 
ought to be in the op{) 0 >ite point; but b) the effect ot refiaetion these points are 
raised 33 iniiiutcs above the horizon. The appuient st mi-diameter of the sun ami 
moon being only about 15 minutes, the low'ei limbs of both will appear elevated 
about 18 minutes — Such is the explanation of a phenomenon w'hit’h must take place 
at every central eclipse of the moon; for there is alw.iys some place* of the earth 
where the moon is on the horizon at the middle of the eclipse. 

JV. Refraction enables us to explain uKo a very coinmori pbenornenon, viz., the 
apparent elliptical form of the sun and moon, when on tlie horizon; for the lo war 
limb of the sun correfiponding, we shall suppose, with the rational horizon, is elevated 
33 minutes by the cflfect of refraction ; but the ujiper limb being really elevated 30 
minutes, (which is nearly the apparent diameter of that luminary at its mean di.s- 
tances,) is elevated in appearance by refraction no more than 28 minutes above its 
real altitude ; the vertical diameter therefore will appear shortened by the diffeieiice 
between 33 and 28, that is to say 5 minutes ; lor if the refraction of the upfier limb 
were equal to that of the lower, the vertical diameter would be neither lengthened 
nor shortened. The apparent vertical diameter will thus be reduced to about 28 
minutes. 
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But there ought to be no sensible decrease in the horizontal diameter ; for the 
extremities of this diameter arc carried only a little higher in the two vertical 
circles passing through them, and which, as they meet in the zenith, are sensibly 
parallel. The vertical diameter then being contracted, while the horizontal diameter 
remains the same, the result must be, that the discs of the sun and moon will appa- 
rently have an elliptical form, or appear shorter in the vertical direction than in the 
horizontal. 

V. There is always more than one half of the earth enlightened by a central illumi. 
nation ; that is to say by an illumination, the centre of which is visible ; for if there 
were no refraction, the centre of the sun would not be seen till it corresponded with 
the plane of the rational horizon , but as the refraction raises it about 33 minutes, it 
will begin to appear when it is in the plane of a circle parallel to the rational horizon, 
and 33 minutes below it. 

There is therefore a central illumination for the whole hemisphere, plus the zone 
comprehended between that hemisphere and a parallel distant fi‘om it 33 minutes ; 
and there is a complete illumination from the whole disc of the sun to the same 
hemisphere, and the zone comprehended between the border of it, and a parallel 
al)out 16 minutes farther below the horizon. 

What Ozanum therefore, or his continuator, endeavours to demonstrate after De- 
schales with so much labour and tediousness, (see “Recreations Matbematiques” 
vol. II. p. 277, edit, of 1730,) is absolutely false : because no allowance is made for 
refraction. 

PROBLl'.M XV. 

To determine y without astronomical tables y whether there will be an Eclipse at any new 

or full moon given. 

Though the calculation of eclipses aud particularly those of the sun, is exceedingly 
laborious; those which took place in any given year of the 18th century, that is 
between 1700 and 1801, may he found, without much difficulty, by the following 
operation. The method ot tinding those of the present or 19th century, will be shewm 
in the additional remark to this problem. 

For the New Moons, 

Find the complete number of lunations between the new moon proposed, and the 
8th of January 1701, according to \he Gregorian calendar, and multiply that number 
by 7361 ; to tjie product add 33890, and divide the sum by 43200, without paying 
any legard to the quotient. If the remainder after the division, or the diffei once 
between that remaindei and the divisoi, be less than 4060, there will be an eclipse, 
and consequently an eclipse oi the sun. 

Example, — It is required to find w’helher there was an eclipse of the sun on 
the first of April 1764. Betw'een the 8th ot January 1701, and the 1st of April 
1764, there were 782 complete lunations ; if this number then be multiplied by 7361, 
the product wdll be 5736^2; to which adding 33890, we shall have 5790192; and 
this sum divided by 43200 will leave for remainder 1392: this number being less 
than 4060, sbew’s that on the 1st of April 1764 there w'as an eclipse of the sun, 
which was indeed the case ; and this eclipse w^Ub annular to a part of Europe. 

For the Full Moons. 

Find the number of complete lunations between that which began on the 8th of 
January 1701, and the conjunction which precedes the full moon proposed ; multiply 
this number by 7361 ; and having added to the product 37326, divide the sum by 
432(X): if the remainder after the division, or the difference between the remainder 
and the divisor, be less than 2800, it will shew that an eclipse of the moon took place 
at that time. 
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Exatnple , — Let it be required to find whether there was an eclipse at the full moon 
which took place on the 13tb of December 1769, Between the 6th of January 1701, 
and the 28th of November 1769, the day of the new moon preceding the 13th 
of December, there were 852 complete lunations : the product of this number by 
7361 is 6271572 ; to which if we add 37326, the sum will be 6306896. But this 
sum divided by 43200, leaves for remainder 1696, which being less than 2800, shews 
that there was an eclipse of the moon on the 13th of December 1769, as indeed may 
be seen by the almanacs for that year. 

J^esiaril.^To determine the number of lunations, which have elapsed between the 
8th of January 1701, and any proposed day, the following method, which is attended 
with very little difficulty, may be employed. Diminish by unity the number of years 
above 1700, and multiply the remainder by 365 ; to the product add the number of bis- 
sextiles between 1700 and the given year, and the result will be the number of days 
from the 8th of January 1701 to the 8th of January of the proposed year. Then add the 
number of days from the 8th of January of the given year to the day of the new moon 
proposed, or to that which piecedes the full moon proposed ; and having doubled the 
sum, divide it by 59, the quotient will be the number of lunations required. 

Let us propose, by way of example, the 13th of December 1769, the day of full 
moon. The preceding new moon fell on the 28th of November. If 69 be diminished 
by unity, the remainder is 68 ; which, multiplied by 365, gives 24820. As in that 
interval there were 17 bissextiles, we must add 17, which will give 24837. Lastly, 
the number of days from January 8tb to November 28th 1769 was 309, which added to 
the above sum make 25146. This number doubled is 50292; which divided by 
59 gives for quotient 852 The number of complete lunations therefore, between 
tbeSth of January 1701 and the full moon December 13th 1769, was 852. 

AddiHonalRemarkB This easy method of finding eclipses was invented by M. de 

la Hire, a celebrated French astronomer ; but as it will require some alteration to 
make it answer for the present century, we shall first explain the principles on which 
it is founded, and then shew how this alteration is to be made. 

Ist. In regard to tbefuU moons, we shall suppose that the sun is at present in the 
ascending node, and the moon in the descending: the foimer during the period of 
a lunation will move from his node 30 degrees 40 minutes 15 seconds ; which expressed 
in quarters of a minute are equal to 7361. Hence M. de la Hire multiplies this 
number by that of the complete lunations, between the new moon on the 8th of 
January 1701, and the full moon proposed ; and the product necessarily gives all the 
movements which the sun has made during that time, to recede from the one node 
and to approach the other. 

2d. The sun at the time of the full moon, in the month of January 1701, was 
distant from his node 155 degrees 31 minutes 30 seconds, which, expressed in quarters 
of a minute, give 37326 : hence, according to M. dc la Hire, this number must be added 
to the product of 7361 multiplied by the lunations. 

3d. The two nodes of the lunar orbit arc distant from each other 180 degrees, or 
10800 minutes; which multiplied by 4, give 43200 : the distance therefore of the 
one node from the other is represented by 43200. 

4th. To obtain the true distance of the sun from the node 43200 must be sub- 
tracted from the sum mentioned in the example, viz. 6308896, as many times as pos- 
sible; and hence, according to M. de la Hire, this sum must be divided by 43200, 
neglecting the quotient. 

dth. l^e remainder after the last division gives the true distance of the sun from 
bis node, which we have hitherto supposed to be the ascending node ; that is to say, 
the node by which the moon passes from the southern to the northern side of the 
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ecliptic. If this remainder does not exceed 2800, there will be an eclipse, or et 
least it will be possible ; because the sun will not be distant from his node II 
degrees 40 minutes. For 1 1 degrees 40 minutes are equal to 700 minutes ; and 700 
minutes multiplied by 4, give 2800 quarters of a minute. 

6th. There may be an eclipse though the remainder after the last division exceeds 
2800 ; but in that case the difference between this remainder and the divisor will be 
less than 2800. The reason of this is, that the sun is necessarily distant from one of 
the two nodes less than J1 degrees 40 minutes. The one node indeed being distant 
from the other only 43200 quarters of a minute, and as the sun cannot recede from 
the one node without approaching the other, if the difference between the remainder 
after the division, and the divisor 43200, does not exceed 2800, there will necessarily 
be one of the nodes from which the sun will not be distant 11 degrees 40 minutes. 

But it may here be objected, as the sun during the time of a lunation docs not pass 
over 30 degrees of the ecliptic from west to cast, why have we asserted that if he be 
at present in the ascending node, he will remove from it, in the course of a lunation, 
30 degrees 40 minutes 15 seconds? 

This objection will not appear of much consequence, but to those who imagine 
that the node& which the lunar orbit forms with the solar are fixed and immoveable. 
This is not the case ; these nodes have a periodical motion ; that is, they pass through 
the 12 signs of the zodiac in the course of almost 19 years, not from west to cast, as 
the sun, but from east to west* at the end of a lunation then the sun must be 30 
degrees 40 minutes 15 seconds distant from the node he has quitted ; because he not 
only moves from his node, but his node moves from him. 

In regard to new moons, the only difference in the operation is, that 33890 is added 
to the product of the lunations by 7301, instead of 37320, At the time of the new 
moon in January 1701, the sun was distant from his node 141 degrees 12 minutes 
30 seconds ; which expressed in quarters of a minute arc equal to 33890. For an 
eclipse of the sun, therefore, 33800 mu!>t be added to the product ot the lunations 
by 7361. 

It is to be observed also, that for solar eclipses, the remainder must be less than 
4000; which represents the quarteisof a minute contained in 10 degrees 55 minutes. 
A solar eclipse indeed is not impossible but when the sun and moon are at a greater 
distance fiom their nodes than 10 degrees 55 minutes: the remainder and divisor 
therefore must not be compared with 2800, as for eclipses of the moon, but with 4000. 

To apply the above rules to the present century. 

It is evident, from what has been said, that to find, by the above method, the 
eclipses of the sun and moon in the present century, nothing will be necessary but to 
substitute, for the sun’s di'-tance from the node at tbe'’tin)e of the new and full moon in 
the month of January 1701, the same distance at the time of the new and full moon in 
the month of January 1801, and to count the lunations between the new moon in 
January 1801, that is the 14tU, and the time proposed. But the sun’s distance from 
the node at the tune of the new moon on the I4tli day of January 1801, was 
280" 5C" 44", and his distance from the node at the time of the full moon on the 29th 
of January 1801 v^as 297“ 15' 11". The foimer of these reduced to quarters of a 
minute gives G7427t and Ihe hitter reduced in ihe same manner gives 71341. 

Example 1st. — Let it be required to find whether there w’illbean eclipse at the full 
moon on the 18tb of March 1802. Between the 14th of January 1601 and the 3d of 
March 1802, the day of the new* moon preceding the 18th of March, there will be 
14 complete lunations. The product of this number by 7301 is 103054 ; to which if 
we add 71341, the sum will be 174395. But this sum divided by 43200, leaves for 
remainder 1595; which, being less than 2800, shews that there Mill be an eclipse of 
the moon on the 18th of March 1802 
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Example 2d. — It is required to find whether there will be an eclipse of the sun on 
the '3d of March 1802. Between the 14th of January 1801, and the 3d of March 
1802, there will be 14 complete lunations; if this number be multiplied by 7361, the 
product will be 103054, to which adding 67427» we shall have 170481 ; and this sum 
divided by 43200, will leave for remainder 40881 : this number is not less than 
4060, but its dififeretice from 43200, which is 2319, is less than 4060 ; we may con- 
clude therefore that there will be an eclipse of the sun on the 3d of March 1802. 

Eclipses of the Sun and Moon during the nineteenth century. 

To gratify the curiosity of the reader, we shall here give a table of the eclipses, 
both of the sun and moon, which will take place in the course of the present century ; 
with the dififerent circumstances attending them, such as the time of the middle of 
the eclipse, and its extent ; and, in regard to eclipses of the moon, how many digits 
will be eclipsed, &c. 

We must however observe, that as this table is extracted from an immense labour,* 
undertaken for another purpose, perfect exactness must not be expected, either in 
extent or time, and particularly in regard to the eclipses of the sun, since it is well 
known that a solar eclipse, on account of the moon’s parallax, varies in quantity 
according to the place of the earth ; that an eclipse, for example, which is central 
and total to the regions of the southeni hemisphere, may he only partial and small 
to the northern. The author therefore, to whom wc allude, was satisfied with 
indicating, rather than calculating, these eclipses ; and left the more exact determi- 
nations to astronomers. 

To render this table however more generally useful, we shall add the following 
explanation. The hour marked indicates the middle of the eclipse in true time ; j 
signifies one half, ^ one fourth of an hour, morn, morning, aft. afternoon. The 
quantity of the eclipse is expressed in digits and divisions of a digit. A digit is one 
twelfth part of the diameter of the luminary eclipsed. Six digits are equal to one 
half of the disc ; four digits to one third, &c. When an eclipse is marked 0 digits 
the meaning is that it is less than a quarter, or | of a digit. When the moon is within 
a minute of a degree or less of the centre, the eclipse is marked central ; when 
within two minutes, almost central. The duration of eclipses is nearly proportioned 
to their greatness ; a total lunar eclipse will continue at least 3.V hours, and at most 
4 hours and some minutes ; a partial eclipse, which exceeds six digits, may continue 
2^ or 3j^ hours ; eclipses of between three and six digits, are of 2 or 3 hours’ dura- 
tion ; those of two digits will last about 1 J hour ; those of one digit about 1 hour ; 
and those of half a digit about J of an hour. The time therefore of the middle 
of an eclipse, and its duration, being given, its beginning and end may be nearly 
ascertained by the following rule : viz., subtract its semi-duration from the time 
given, and the remainder will be the hour of the beginning ; add the same quantity, 
and the sum will be the time of the end. A lunar eclipse must begin and end every 
where at the same time ; with this difference, that so many hours must be added or 
subtracted as the one place is to the eastward or westward of the other. Thus, an 
eclipse that begins about 4^ hours p. m. at Greenwich observatory, will begin about 
12 p.M. at Pekin, as the latter is 7 hours 46 minutes eastward of the former 

In regard to solar eclipses, they are dated from the time of the conjunction of the 
sun and moon. Though this date be sensibly different from that of the middle 
of the eclipse ; yet this difference will never amount to two hours, and may be 
nearly found by the following rules: — 1st. In the morning a solar eclipse must 
always happen sooner, and in the evening later, than the time of the conjunction. 

• This labour is a table of the solar and lunar eclipses sinoo the commencement of the ('hristi.m 
anm, tii the year 1900, inserted in ** 1/Art de verifier ies Dates,** by the Abbe Pingere, a oelubratud 

astronoDier, and member of the Royal Academy of Sciouces. 
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2d. The nearer the sun is to the horizon, the more sensible will be the difference, 
dd. The acceleration in the morning will be great in proportion to the elevation 
of the sun at mid-day, three months before, and the retardation in the evening 
will be great in proportion to the sun’s elevation three months after, the time proposed 
It thence follows, 1st. That the difference must be greatest in the torrid zone ; and 
2d. That the greatest difference in the other latitudes must happen in the evening of 
the vernal, and in the morning of the autumnal, equinox ; for the greatest meridian 
altitudes are observed three months before and after these seasons. 

The parts of the world where the eclipse is visible, are marked. If there be no 
limitation, the whole or the greater part of Europe or Asia must be understood. 
Particular divisions of these quarters are denoted by the letters E. W. N. and S., 
that is, East, West, &c. When an eclipse is said to be visible in E. or W. of 
Europe, &c., the meaning is, that it is visible in all the parts of the region specided, 
where the sun is sufficiently elevated above the horizon at the time of conjunction. 
When it is marked as visible N. or S. of any particular region, all places in every 
other direction are excluded. The terms small and great for the most part refer to 
the eclipses, and not to the places where they are visible. The latitude of those 
places is marked in which an eclipse is central. South latitude is indicated by the 
letter S., and North latitude by N., which is frequently omitted. An 0, or cipher, 
denotes North latitude. 

The course of a central eclipse is ofttimes pointed out by three numbers. The 
first and third shew the latitude in which the eclipse is central in the planes of the 
5th and ld5th meridians ; the second, included in crotchets, gives the latitude in 
which it is central at inid-day. The place where an eclipse is central at mid-day, 
may be easily found, when the time of the true conjunction at Paris is known. The 
interval between the true conjunction as given, and mid-day, nearly shews how many 
hours and minutes the required place is east or west of the meridian of Paris. 

It is to be observed also, that the limits of eclipses are fixed to be the tropic 
of Cancer in Africa, and the northern extremity of Lapland ; and from S* to 6® N. 
lat. in Asia to the Polar circle. In longitude, the limits are the 5th and the I55th 
meridians, supposing the 20th to pass through Paris. 

The first and third numbers above mentioned, do not always express the latitude, 
under the 5th and I55th meridians. Sometimes an eclipse begins before the sun has 
risen upon the former, and ends after it has gone down on the latter meridian. In 
these cases, the first number denotes the latitude in which the eclipse is central at 
sun-rising ; and the next the latitude in which it is central at sun-aet. The number 
included in crotchets is omitted when there is no meridian within the limits pre- 
scribed, under which the time of mid-day coincides with the middle of the eclipse. 
It is to be observed also, that a number is sometimes added to point out the increase 
or decrease of an eclipse. 

A single character or number indicates the latitude in which an eclipse is central 
in Europe or Africa at sun-set ; and towards the eastern extremity of Asia at sun- 
rising. An asterisk * denotes that the course of a central eclipse extends many 
degrees beyond the equator. A dagger f indicates that its course is beyond the pole ; 
and the excess is sometimes added to 90. Thus 94 intimates that the eclipse re- 
ferred to is central 4*^ beyond the pole. The sign affixed to pen. is used to ex- 
press that the penumbra is deep or strong. 

An eclipse is visible from 32® to 64® north ; and as far south of the place where it 
is central. 
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LIST OF ECLIPSES, 

FROM THE BEGINNING TO THE END OF THE PRESENT CENTURY. 

1801. Eclipse of the moon, total, March 30tb, 5^ morn. cent. Of the sun, April 

13th, 4^ morn, Europe N.E. Asia N. dim from W. to E, Of the sun, September 
8th, 6 mom. Asia N.E. small. Of the moon, total, September 22d, 7i morn. 

1802. Of the moon, March lOth, 11^ morn. 5 dig. Of the sun, August 28th, 7^ 

morn, Eur. Afr. Asia, cent. 69 (,59) 23 an Of the moon, partial, September 
11th, 11 aft. 9 digits. 

1803. — Of the sun, August 17th, 8} morn, great part of Eur. S. Afr. Asia, S. cent. 
26 (12)* an. 

1804. Of the moon, partial, January 26tli, 9} aft. Of the sun, February llth, IJJ 

morn. Eur. Afr. Asia, W. cent. 25 (32) 64. Of the moon, partial, July 22d, 
5i aft. 10} dig. 

1805. — Of the moon, total, January 15th, 9 morn. Of the sun, June 26th, 11 aft. 
part of Asia, N.E. Of the moon, total, July lltb, 9 aft. 

1806. — Of the moon, partial, J.muaiy 0 morn. 9 dig. Of the sun, June 16(h, 4 
aft. Eur. Afr. W. cent. 31 — 16 tot. Of the moon, partial, June 30th, 10 aft. pen. 
Of the sun, December lOtli, 2^ morn, small, Asia, S.E. 

1807 Of the moon, partial, May 2l»t, .>J aft I* dig. Of the sim, June Otb, 5^ 

morn, small, Asia S.E. Of the moon, partial, Xo\ ember 15th, morn. 3 dig. Of 
the sun, November 29th, mend, all Eur. Afr. Asia, W. cent. 18 (13) 9 — 25. 

1008.— Of the moon, total, Ma) lOtb, 8 mom. Of the moon, total, November 3d, 9 
morn. Of the sun November 18th, 3 morn, great i>art of Asia N. mer. fiom 
W. to E. 

1809. — Of the moon, partial, Apiil .30tb, 1 morn. 10 dig. Of the moon, partial, 
October 23d, 9^ morn. O^dig. 

1810. — Of the sun, April 4th, 2 morn. Asia, S.E. cent. * 10 an. 

1811 Of the moon, partial, March 10th, morn. 5 dig. Of the moon, partial, Sep- 

tember 2d, 11 aft. 7 dig. 

1812. — Of the moon, total, February 27tb, 6 morn. alnio-.t cent. Of the moon, tot.il, 
August 22d, 3 aft. 

1813. — Of the sun, February 1st, 9 morn. Eur. Afr. Asia, rent. 32 — 24 (26) 
55 an. Of the moon, partial, February 15th, 9 morn. 7\ dig. Of the moon, partial, 
August 12th, 3} morn. 4^ dig. 

1814 Of the sun, January 21st, 2* aft. Eur. S.E. Afr. cent. * 10 an. Of the sun, 

July 17th, 7 morn, Eur. S. Afr. E. Asia, S. cent. 14 — 33 (31) 5 tot. Of the 
moon, paitial, December 26th, llj aft. 6 dig. 

1815 Of the moon, total, June 21st, 6^ aft. 12} dig. Of the sun, July 7th, 0 morn, 

Eur. and Asia, N. cent. 62 f tot. Of the moon, partial, December 16th, Ij aft, 

1810. — Of the moon, total, June 10th, 4 morn. Ot the sun, November 19th, 10^ morn. 
Eur. Afr. Asia, W. cent. 59 (38) 33 — 37 tot. Of the moon, partial, December 
4th, 9 aft. 7} dig. 

1817. — Of the sun, May 16th, 7 morn. Asia, S. cent. * (7) 12 — 7 an. Of the 
moon, partial, May 3d. 3J aft. pen. Of the sun, November 9th, 2^ morn. Asia, 
E. cent. 26 — 5 S. tot. 

1818 Of the moon, partial, April 21st, morn. 5} dig. Of the sun. May 5tb, 

7} morn. Eur. Afr. Asia, cent. 13 (51) 60 — 53 an. Of the moon, partial, October 
14th, 6 morn. 2 dig. 

1819.— Of the moon, total, April lOtb, 4 aft. Of the sun, April 24tb, merid. N. of 
Eur and of Asia, dim. from W. to E. Of the sun, September 19ih, 1 aft. Eur. 
N.E. small. Of the moon, total, October 3d, 3^ aft. 
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1820. — or the moon partial, March 29th, 7 aft. 6 dig. Of the sun, September 7th, 
2 aft. Eur. Afr. ^sia, W. cent. 62 — 29 an. Of the moon, partial, September 
22d, 7 morn. 10 dig. 

1821 Of the Bun, March 4th, 6 morn. Asia, S.E. cent. * (7 S.) 24 tot. 

1822. — Of the moon, partial, February Gth, morn. 4 ^ dig. Of the moon partia’, 
Aug. 3d, OJ morn. 9 dig. 

1823 — Of the moon total, January 26th, 5^ aft. Of the sun, February 1 1th, 3 morn, 
great part of Asia N. small. Of the sun, July 8tb, 6^ morn. Eur. and Asia, N. 
Of the moon, total, July 23d, 3^ morn. 

1824 Of the moon partial, January 16th, 9 morn. 9 dig. Of the sun, June 26th, 

ll.i aft. Asia, E. cent. 27 — 41 tot. Of the moon, partial, July llth, 4^ morn. I 
dig. Of the sun, December 20th, 1 1 morn. Indies, S. small. 

1825 Of the moon partial, June 1st, 0.^ morn. Of the sun, June iGth, 0^ aft. Afr. 

small cent. * (0)*. Of the moon partial, November 25th, 4^ aft. 2 ^ dig. 

1826. — Ot the moon, total, May 2l8t, 3Jaft. Of the moon, total, November I4th, 4J aft. 
Of the sun, November 29th, I 4 morn. Eur. Afr. Asia, W. 

1827 Of the sun, April 26, 3J[ morn. Eur. N.E. Asia, N. cent. 49(81) 84 an. Of 

tlie moon partial, May llth, 8J morn. 11^ dig. Of the moon partial, November 
3d, 5 aft. 10 dig. 

1828 — Of the sun, April 14th, 9J morn, small pait of Eur. S.E. Afr. Asia, cent. 
2 S. (18) 29 — 26. Of the sun, Octobci 9th, OJ morn. Asia S.E. cent. 7 * an. 

1829 Of the moon, partial, Maich 20tli, 2 aft. 4 dig. 01 the moon, partial, Sep> 

tember 13lli, 7 morn. 5J dig. Of the sun, September 28th, 2^ morn. Asia, E. 
cent. 59 — 40 an. 

1830 — Of the 8 ( 111 , February 23d, 5 morn. Asia, N. dim. from W. toE. Of the moon, 
total, March 9th, 2 aft. Of the moon, total, September 2d, 11 aft. cent. 

1831 — Ot the moon, partial, February 2Gtb, 5 aft. 8 dig. Of the moon, partial, 
August 23d, 10|[ morn. 6 dig. 

1832. — Of the sun, July 27th, 2J aft. Eur. S. Afr. Asia, S.E. cent. 23 N. 3 S. tot. 

U->33.-> Of the mooii^ paniul, Jumiar) Gth, 8 morn. 5^ dig. Of the moon, partial, 
July 2d, 1 morn. 10^ dig. t)f the sun, July 17th, 7 morn. Eur. Afr. E. Asia, 
N. cent. 83 (80) 73 tot. Of the moon, total, December 26th, 10 aft. 

1834. — Of the moon, total, June 21st, 8^ morn. Of the moon, partial, December 
16th, 5^ morn. 8 dig. 

1835 — Ot thv sun. May 27th, IJ aft. small part of Eur. Afr. Asia, SiW. cent. 
7 — 8 — 3 S. an. Ot the moon partial, June 10th, 11 aft. 0.^ dig. Of the sun, 
November 20th, 11 morn, small part of Eur, S.W. Afr. small part of Asia, S.W. 
cent. 4(11 S. ) * tot. 

1836 — Of the moon, partial, May Ist, 8^ morn. 4^ dig. Of the sun. May 15th, 
aft. Eur. Afr. Asia,W. cent. 53 — 54 — 44 an. Of the moon partial, October 24th, 
IJ aft. 1.] dig. 

1837 — Of the moon, total, Apiil 20th, 9 aft. Of the sun. May 4th, 7i aft. small 
part of Eur. N. great part of Asia, N.E. Of the moon total, October 13th, 11} aft. 

18;18 — Of the moon, partial, April lUth, 2^ morn. 7 dig. Of the moon, partial, April 
10th, 2} morn. 7 dig. Of the moon, partial, October 3d, 3 aft. 0| dig. 

1839.— Of the sun, March 15th, 2} aft. Eur. S. Afr. Asia, S.W. cent 17 — 26 tot. 
Of the sun, September 7th, 10} aft. extrem. of Asia, E. cent. 37. an. 

1840 Of the moon, partial, February 17th, 2 aft. 4} dig. Of the sun, March 4th, 

4 morn. cent. 16 (37) 48. Of the moon, partial, August 13th, 7} morn. 7 ^ dig. 

1841 — Of the moon total, February Gth, 2} morn. Of the sun, February 2l8t, 
11 morn, almost all Eur. N. Asia, N.W. dim. from W. to E. Of the sun, July 
18th, 2 aft. gieat part of Eur. N.E. Asia, N.W. iiicr. from W. to E. Of the moon, 
total, August 2d, 10 morn. 
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1842 Of the moon, partial, January 26th, 6 aft, 9 dig. Of the sun, July 8th, 

7 morn. Eur. Afr. Asia, cent. 35 — 50 (49) 21 tot. Of the moon, partial, July 
22d, 1 1 morn. 3 dig. 

1843— Of the moon, partial, June 12th, 8 morn. pen. Of the moon, partial, De- 
cember 7th, 0) morn. 2| dig. Of the sun, December 2l8t, 5) morn. Asia, cent. 25 
(8) 21 tot. 

18^ Of the moon, total, May Slst, 11| aft. Of the moon, total, November 25th, 

morn. 

1845 Of the sun, May 6th, 10| morn, almost all Eur. N.W. Asia, N.W. cent. 90 

(98) t an. Of the moon, total. May 21st, 4^ aft. 12} dig. Of the moon, partial, 
November 14th, 1 morn. 10^ dig. 

1846. — Of the sun, April 25th, 5) aft. Eur. and Afi . W. cent. 28 — 26. Of the 
sun, October 20th, morn. Europe S.W. Afr. Asia, S.W. cent, OS S.)* an. 

1847. — Of the moon, partial, March Slst, 9^ aft. 2} dig. Of the sun, September 
24th, 3 aft. 44 dig. Of the sun, October 9th, 9| morn. Eur. Afr. Asia, cent. 58 
(31) 16— 17 an. 

1848. — Of the moon total, March 19, 9^ aft. Of the moon total, September 13th, 
6^ morn. Of the sun, September 27th, 10 morn. Eur. N.E. Asia, N. 

1849 — Of the sun, February 23d, morn. Asia, E. cent. 31 — 28 — 32 an. Of the 
moon partial, March 9tb, 1 morn, 8| dig. Of the moon partial, September 2d, 5^ 
aft. 7 dig. 

1850 Of the sun, February 12th, ^ morn. Asia, S.E. cent. • (11 S.) 17 N, an. Of 

the sun, August 7tb, 10 aft. eirtrem. of Asia, E. cent. 14 tot. 

1851. — Of the moon partial, January 17th, 5 aft. 5| dig. Of the moon, partial, July 
Idth, 7i morn. 8| dig. Of the sun, July 28tb, 2) aft. Eur. Afr. Asia, W. cent. 
70 — 39 tot. 

1852 Of the moon, total, January 7th, ^ morn. Of the moon total, July Ist, 3| 

aft. Of the sun, December Hth, 4 morn. Asia, E. cent. 59 (36) 35 tot. Of the 
moon, partial, December 26th, 1 aft. 8 dig. 

1853. — Of the moon, partial, June 21st, 0 morn. 2} dig. 

1854. Of the moon, partial, May 12tli, 4aft. 3 dig. Of the moon, partial, November 
4tb, 9] aft. 1 dig. 

1855. — Of the moon, total, Ma) 2d, morn. Of the sun. May 16th, 2j morn, 
great part of Asia, N. dim. from W. to E. Of the moon, total, October 25tb, 

8 morn. 

1850. — Of the moon, partial, April 20th, 9| morn. 8J dig. Of the sun, September 
29tb, 4 morn. Asia, N. cent. 84 (07) GO an. Of the moon, partial, October ISth 
1 4 aft. 1 4 dig. 

1857. — Of the sun, September 18th, 6 morn. Eur. and Afr. E. Asia, S. cent. 40 (12) 
12 S. an. 

1858 Of the moon partial, February 27tb, 10| aft, 4 dig. Of the sun, March 15th, 

0^ aft. Eur. Afr. Asia, W. cent. (40) 68. Of the moon, partial, August 24th, 24 
aft. 5J dig. 

1859. — Of the moon, total, February 17th, 11 morn. Of the sun, July 29th f^aft. 
small, Asia, N.E. Of the moon total, August 13tb, 4J aft. 

1860. — Of the moon, partial, February 7th, 2J morn. DJ dig. Of the sun, July 18th, 

2 aft. Eur. Afr. Asia, W. cent. 49 — 16 tot. Of the moon, partial, August 1st, 
5J aft. 4} dig. 

1861. — Of the sun, January llth, 3J morn, small, Asia S.W. Of the sun, July 8th, 

2 morn. Asia, S.E. cent.* 9 an. Of the moon, partial, December 17tb, 8} morn. 

2 dig — Of the sun, December 31st, 2J aft. all Eur. Afr. cent. 17 — 36 tot. 

1862. — Of the moon total, June 12th, morn. Of the moon, total, December 6th, 

0 morn. Of the sun, December 21st, 5J morn, great part of Asia, N. 
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1068. — Of the sun, May 17th, 5 aft. great part of Eur. N. Of the moon, total, June 
2d, 0 morn. Of the moon, partial, Noyember 25th, 9 morn. 11 dig. 

1864. — Of the sun. May 0th, OJ morn. Asia, S.E. cent. 6 — 28. 

1865 Of the moon, partial, April 11th, 5 morn. 1} dig. Of the moon, partial, Oc- 

tober 4th, 11 aft. dig. Of the sun, October 19th, 5 aft. extrem. of Eur. and 
of Afr. W. cent. 10 an. 

1866. — Of the sun, March 16th, 10 aft. small, Asia, N.E. Of the moon, total, March 
Slst, 5 morn. Of the moon, total, September 24th, ^ aft. Of the sun, October 
8th, 5J aft. Eur. W. dim. from N. to S 

1867. — Of the sun, March 6th, 10 morn. Eur. Afr. Asia, cent. 31 (45) 69 an. Of 
the moon, partial, March 20th, 9 morn. dig. Of the moon, partial, September 
14th, 1 morn. 8 dig. 

1808 Of the sun, February 23d, 2J aft. Eur. S. Afr. Asia, S.W. cent. 9 — 21 an. 

Of the sun, August 18th, 5J morn. Eur S.E. Afr. Asia, S. cent. 14 — 18 
(11) Otot. 

1869. — Of the moon, partial, January 28th, IJ morn. 5^ dig. Of the moon, partial, 
July 23d, 2 aft. Of dig. Of the sun, August 7th, 10 aft. Asia, N.E, cent. 46 tot. 

1870. — Of the moon, total, January 17th, 3 aft. Of the moon, total, July 12th, 11 
aft. Of the sun, December 22d, Of aft. Europe, Africa, Asia, W. cent. (36) 49, 
total. 

1871. — Of the moon, partjpl, January 6th, 9J aft. 8 dig. Of the sun, June 18th, 
2j| morn. Asia, S.E. sm^l. Of the moon, partial, July 2d, 1^ aft. 4 dig. Of the 
sun, December 12th, 4^ morn. Asia, S. cent. 17 * total. 

1872. — Of the moon, partial. May 22d, 11^ aft. IJ dig. Of the sun, June 6th, 3| 
morn. Asia, cent. 8 (12) 43 an. Of the moon, partial, November 15th, 5J morn. 
0.J dig. 

1873. — Of the moon, total. May 12th, llj morn. Of the sun. May 26th, 9J morn, 
great part of Europe N.W. Africa W. Asia N. dim. from W. to E. Of the moon, 
total, November 4th, 4J aft. 

1874. — Of the moon, partial, May 1st, 4.J aft. 9J dig. Of the sun, Oct. 10th, llj 
morn. Europe, Africa, Asia, W, cent. 82 (74) 55 an. Of the moon, partial, Oc- 
tober 25th, 8 morn. 12 dig. 

1875. — Of the sun, April 6th, 7 morn. Asia, S.E. cent. * (1) 21 total. Of the sun, 
September 29th, 1^ aft. small part of Europe S.W. Africa, Asia, S.W. cent. 13 
(10) 13 S. an. 

1876. — Of the moon, partial, March 10th, 6J morn. 3^ dig. Of the moon, partial, 
September 3d, 9J aft. 4 dig. 

1877. — Of the moon, total, February 27th, 7i aft. Of the sun, March 15th, 3 morn, 
great part of Asia N. dim. from W. to E. Of the sun, August 9th, 5 morn. Asia, 
N.E. small. Of the moon, total, August 23d, 11^ aft. almost cent. 

1878 — Of the moon, partial, February I7th, llj morn. 9J dig. Of the sun, July 
29th, 9J aft. extremity of Asia, E. cent. 52 total. Of the moon, partial, August 
I3th, OJ morn. 6^ dig. 

1879.— Of the sun, January 22d, merid. small, Asia, S.W. cent. • 7 an. Of the 
sun, July 19th, 9 raori . Europe S. Africa, Asia, S.W. cent. 8 — 16 (12) * an. 
Of the moon, partial, December 28th, 4^ aft. lj| dig. 

186H). — Of the sun, January lltli, 11 aft. Asia, E. cent. 16 total. Of the moon, 
total, June 22d, 2 aft. 12J dig. Of the moon, total, December 16th, 4 aft. Of the 
sun, December 31st, 2 aft. Europe, Africa, dim. from N. to S. 

1881 Of the sun, May 28th, 0 morn. Asia, N. dim. from W. to E. Of the moon, 

total, June 12th, 7^ morn. Of the moon, partial, December 5th, 5| aft. 11| dig. 

1882 Of the sun. May 17th, 8 morn. Europe, S.E. Africa, Asia, cent. 10 (88) 12 

— 26 total. Of the sun November lltb, 0 morn. Asia, S.E. cent. 2 * an. 
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1883.— Of the moon, partial, April 22d, merid. 0^ dig. Of the moon, partial, October 
I6th, 7| morn. 3 dig. Of the sun, October 31st, morn. Asia, ^ cent. 46 an. 

1884 — Of the sun, March 27th, 6 morn, small, great part of Europe N.E. dim. in 
Asia, from W. to E. Of the moon, total, April 10th, merid. Of the moon, 
total, October 4th, 10.^ aft. Of the sun, October 19th, 1 morn. Asia, N. 

1885. — Of the moon, partial, March 30th, .5 aft. 10 dig. Of the moon, partial, Sep- 
tember 24th, 8^ morn. 9 dig. 

1886. — Of the sun, August 29th, IJ aft. extremity of Europe, S.W. Africa, cent. 
6 (4) * total. 

1887 Of the moon, partial, February 8th, 10.} morn. dig. Of the moon, par. 

tial, August 3d, 9 aft. 5 dig. Of the sun, August 19th, G morn. Europe and Africa, 
E. Asia, cent 54 — 62 (54) 29 total. 

1888. — Of the moon, total, January 28th, 11} aft. Of the moon, total, July 23d, G 
morn, almost central. 

1889. — Of the moon, partial, January 17th, 5} morn, 8} dig. Of the moon, partial, 
July 12th, 9 aft. 5} dig. Of the sun, December 22d, 1 aft. Asia, S.W. cent. * 5 
total. 

1890. — Of the moon, partial, June .Sd, C morn. 0:J dig. Of the sun, June 17th, 10 
morn. Europe, Africa, Asia, cent. 25 (;18) 19 an. Of the moon, partial, November 
2Gth, 2 aft. 0^ dig. 

1891 Of the moon, total, May 23d, 7 aft. Of the sunuJune Gth, 4} aft. great part 

of Europe, N. cent, f Of the moon, total. November|||^b, 0} morn. 

1892. — Of the moon, partial, May 1 1th, 11} aft. ll;} dig.^^f the moon, total, No- 
vember 4th, 4} aft. 12} dig. 

1893. — Of the sun, April 10th, 3 aft Europe, S. Africa, cent. 20 — 18 total. 

1894 Of the moon, partijil, March 2Ut, 2} aft. 3 dig. Of the sun, April Gth, 4} 

morn. Europe, N.E. Asia, cent. 10 (43) 8. Of the moon, partial, September 
1.5th, 4J morn. 2} dig. Of the sun, Septomher 29tb, 5} morn. Africa, E. small. 

1895 Of the moon, total, March 11th, 4 morn. Of the sun, March 2Gth, 10 morn. 

almost all Europe, N W, A<»ia, N dim from W. to E. Of the sun, August 20lh, 
0} aft. Asia, N. small. Of the moon, total, September 4th, G morn. 

189G. — Of the moon, partial, February 28tli,8 aft. 10 dig. Of the sun, August 9th, 
4} morn. Europe, E. Asia, cent. GO — 68(59)49 total. Of the moon, partial, Au- 
gust 23d, 7 morn, 8 dig. 

1807. — No eclipse. 

1898 —Of the moon, partial, January 8(h, 0} morn. 1} dig. Of the sun, January 22d, 
8 morn. Europe, E. Africa, E.all Asia.ccnt. 11 — 5(10)44 total. Of the moon, 
partial, July 3d, 9} aft, 1 1 dig. Of the moon, total, December 27th, 12 afL 

1899. — Of the sun, January 11th. 11 aft. extremity of Asia, E. dim, from N. to S. 
Of the sun, June Bth,7 morn. Europe, W. and N. Asia, N. Of the moon, total, 
June 23d, 2} aft. Of the moon, partial, Decemhei I7th, ]}morn. 11} dig. 

1900. — Of the sun. May 28th, 3} aft. Europe, Africa, cent. 45 — 26 total. Of the 
moon, partial, June 13th, 4 morn. pun. 4-. Of the sun, November 22d, 8 morn, 
small eclipse, Africa, cunt. 3 S. * an. 


PBom.BM xvt 

To obuerue an Eclipse of the Moon, 

To observe an eclipse of the moon, in such a manner as to be useful to geography 
and astronomy, it will he necessary, in the first place, to have a clock or watch that 
indicates seconds, and which you arc certain is so well constructed as to go in an 
uniform manner ; it ought to he regulated some days before by means of u meridian, 
if you have one traced out, or liy some of the methods employed for that purpose by 
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aBtronomers ; and you must ascertain how much it goes fast or slow in 24 hours ; that 
the difference may be taken into account at the time of the observation. 

You ought tb be provided also with a refracting or reflecting telescope, some feet 
in length ; for the longer it is, the more certain you will be of discerning exactly the 
moment of the phases of the eclipse ; and if you are desirous of observing the quantity 
of the eclipse, it should be furnished with a micrometer. 

When you find the moment of the eclipse approaching, which may be always known 
either by a common almanac, or the Epheinerides published by the astronomers in 
different parts of Europe, you must carefully remark the instant when the shadow 
of the earth touches the moon’s disc. It is necessary here to mention, that there will 
always be some uncertainty on account of the penumbra; because it is not a thick 
black shadow which first covers the moon’s disc, but an imperfect one that thickens 
by degrees. This arises from the sun’s disc being gradually occulted from the moon ; 
and hcncc it is difficult to fix with exactness the real limits of the shadow, and the 
penumbra. Here, as in many other cases, observers are enabled by habit to distin- 
guish this boundary ; or at least prevented from falling into any great error. 

When you are certain that the real shadow has touched the moon’s disc, the time 
must be noted down ; that is to say, the hour, minute, and second, at which it 
happened. 

In this manner you must follow the shadow on the moon’s disc, and remark at 
what hour, minute, and second the shadow reaches the most remarkable spots: all this 
likewise must be noted^^rn. 

If the eclipse is not tofal, the shadow, after having covered part of the lunar disc, 
will decrease You must therefore observe in like manner the moment when the 
sliadow haves the different spots it before covered, and the time when the disc 
of the moon ceases to he touched by the shadow, which will be the end of the 
eclipse. 

If the eclipse is total, so that the moon’s disc remains some time in the shadow, you 
must note down the time when it is totally eclipsed, as well as that when it begins to 
be illuminated, and the moments when the shadow leaves the different spots. 

When this is done, if the time of the commencement of the eclipse be subtracted 
from that of the end, the remainder will be its duiation ; and if half the duration 
be added to the time of commencement, the result will be the middle. 

To facilitate these operations, astronomers have given certain names to most of 
the spots with.which the moon’s disc is covered. The usual denominations are those 
of Laiigreiius, who distinguished the greater part of them by the names of astronomers 
and philosophers who w'ere his contemporaries, or who had flourished before his time. 
Some others have bet n since added ; but there was no room for the most celebrated 
of the moderns, such as Huygens, Descartes, Newton, and Cassini. Hcvelius, far more 
judicious in our opinion, g«ive to these spots names taken from the most remarkable 
places of tlie earth : in this manner he calls the highest mountain of the moon, Mount 
Sinai, &c. This however is a matter of indiffeieiice, provided there be no confusion. 
We have here subjoined a representation of the moon, by moans of which and the 
following catalogue they can be easily known, on comparing the numbers in the 
latter with those in the former. 
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1 Grimaldi 

2 Gallileo 

3 Aristarchus 

4 Ktpler 

5 Gassendi 

6 Bchikard. 

7 Harpalus 

8 Heraclides 

9 Lansberg 

10 Kheinhold 

11 Copernicus 

12 Helicon 

13 Capuanua 

14 Bullialdi 

\ Sea of humours 
B Sea of clouds 
C Sea of ram 


15 Eratosthenes 

16 rimocharis 

17 Plito 

IH Archimedes. 

19 Isle of the middle 

Biy. 

20 Pittacus 

21 Tycho 

22 Fudoxus 

23 Aiistotle 

24 Maniluis 

25 Menelius 

26 Hermes 

27 Posidonius 

D Sea of nectar. 

E Sea of tranquillity 
F Sea of sei enity. 


28 Uionysius 

29 Pliny 

30 Catharina, Cyidlus, 

Thcopilus. 

31 Fracastoiius. 

32 The acute promontory. 
3.1 Mcssala 

34 Promontory of dreams. 

35 Proclus. 

36 Cleomedes 

37 Sncllius and Furiienut. 

38 Petau 

39 Langrenus 

40 Taruntius. 

G Sea of fecundity 
H Sea of crises. 
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PROBLEM XVn. 

To observe an Eclipse of the Sun, 

l8t. The fame precautions, in regard to the measuring of time, must be employed 
in this case, as in that of lunar eclipses ; that is to say, care must be taken to regulate a 
good clock by the sun on the day before, or even on th^day of the eclipse. 

2d. A good telescope must be provided, of at least three or four feet in length ; 
vrhich must be directed towards the sun on a convenient supporter. If you are 
then desirous to look at the sun without the telescope, you must employ a piece 
of smoked glass, or rather two pieces, the smoked sides of which are turned towards 
each other ; but are prevented from comkig into contact by means of a small dia* 
phragm cut from a card placed between them. These two bits of glass may be then 
cemented at the edges, so as to make them adhere. By means of these glasses inter- 
posed between the eye and the telescope, you may then view the sun without any 
danger to the sight. 

About the time when the eclipse ought to commence, you must carefully observe 
the moment when the solar disc begins to be touched by the disc of the moon : 
this period will be the commencement of the eclipse. If there are any spots on 
the solar disc, you must observe the time when the moon's disc reaches them, and 
also when it again permits them to appear ; in the last place, you must observe, with 
all the attention possible, the instant when the moon’s disc ceases to touch the 
solar disc, which will be the^end of the eclipse. 

But if, instead of observing in this manner, you are desirous of making an ob- 
servation susceptible of being seen by a great number of persons at the same time, 
affix to your telescope, on the side of the eye-glass, an apparatus to support a piece 
of very straight pasteboard at the distance of some feet. This pasteboard ought to 
be perpendicular to the axis of the telescope, and if it be not sufficently white, you 
must paste to it a sheet of white paper. Make the end of the telescope, which 
contains the object glass, to pass through the window-shutter of a darkened room, 
or one rendered consideinbly obscure ; and if the axis of the telescope be directed 
to the sun, the image of that luminary will be painted on the paper, and of a larger 
size according as the paper is at a greater distance. It is necessary here to remark, 
that before jou begin to observe, a circle of a convenient size must be delineated on 
it ; so that, by moving it nearer to or farther from the telescope, the image of the 
sun may be exactly comprehended within it. The space contained within this 
circle must be .divided by twelve othei concentric circles, equally distant from 
each other ; so that the diameter of the largest may be divided into 24 equal parts, 
each of which will represent a semi-digit. 

It may now be readily conceived, that if a little before the commencement of the 
eclipse you look with attention at the image of the sun, you will see the moment 
when it begins to be obscured by the entrance of the moon’s body ; and that you 
may in like manner observe the end of it, and also its extent. 

It must not however be expected that the same exactness can be attained by em- 
ploying this method, as by the former ; especially if you are furnished with a long 
telescope, and a good micrometer, 

In observing the great solar eclipse of May I5th, 1830, two gentlemen residing 
at Greenwich, one observing the sun's image on paper in a dark chamber, and the 
other looking directly at the sun, found that the time at which they observed the 
contact of the moon with the spots on the sun, were in several instances identical. 

/?emar As.— There are partial eclipses of the sun, that is to say, eclipses in which 
only a part of the solar disc seems to be covered, and these are most pommon. 
Others are total and annular. 
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Total eclipses take place when the centre of the moon passes over that of the 
sun, or nearly so ; and when the apparent diameter of the moon is equal to that 
of the sun, or greater. In the latter case, the total eclipse may be what is called 
cum mord ; that is to say, with duration of darkness : of this kind was the famous 
eclip«e of 1706. 

During eclipses which are total and cum mord, so great darkness prevails, that 
the stais are seen in the same manner as at night, and particularly Mercury and 
Venus. But what excites a sort of terror, is the dismal appearance which all 
nature assumes during the last moments of the light. Animals, struck with fear, 
retire therefore to their habitations, sending forth loud cries ; the nocturnal birds 
issue from their holes ; the dowers contract their leaves ; a coldness is felt, and the 
dew falls ; but as the moon has suffered a few rays of the solar light to escape, all 
is again illumination ; day instantly returns, and with more brightness than when the 
weather is cloudy. 

Some eclipses, as already said, arc really annular : they take place when the 
eclipse is very near being central, while the apparent diameter of the moon is less 
than that of the sun ; which nwy be the case if the moon at the time of the eclipse 
is at her greatest distance from the earth, and the mm at his nearest distance to it. 
The eclipse of the sun, on the Ist of April 1764, was of this kind to a part of 
Europe, and also that of May 1836. 

During eclipses of this kind, when the sun is entirely eclipsed, a luminous circle of 
a silver colour, and as broad as the twelfth part of the diameter of the sun or moon, 
is often observed around the former ; it is effaced as soon as the smallest part of the 
sun begins to shine; it appears more lively towards the sun’s limb, and decreases in 
brilliancy the further it is distant. Some are inclined to believe that this circle is 
formed by the luminous atmosphere with which the sun is surrounded ; others have 
conjectured that it is produced by the refraction of his rays in the atmosphere of the 
moon ; and some have ascribed it to the diffraction of the light. Those who are 
desirous of farther information on this subject, may consult the Memoirs of the 
Academy of Sciences, for the yeais 1715 and 1748. 

On various occasions, persons who have witnessed the formation and dissolution 
of the annulus in annular eclipses, have recorded certain singular appearances as 
having been noticed by them; and the eclipse above referred to of May 15th, 1836, 
being annular in the north of England and south ot Scotland, Francis Baii.y, 
of London, well known toi his devotion to astronomical science, went to Jedburgh, 
in Roxhurgshire, over which the central line of the moon’s umbra passed on that 
occasion, to ob‘!ervc the rare phenomenon, and to see wliat truth there might be in 
these reported singular appearances. 

It 18 needless to say that he was provided with all needful instruments; and 
he got the error of his chronometers from the neighbouring observatory of Sir T. 
Brisbane, at Makerston. He was fortunate also in meeting at Jedburgh with an 
able assistant in Mr. Veitch, of that place, a most ingenious mechanic, a self-taught 
maker of telescopes, and enthusiastically attached to scientific pursuits. The day 
was uncommonly favourable. 

Mr. Baily, in bis account of the eclipse, published in the 10th volume of the Me- 
moirs of the Royal Astronomical Society, says, ** The diminution of light, during 
the existence of the annulus, was not so great as was generally expected ; being 
little more than what might be caused by a temporary cloud passing over the sun ; 
the light however was of a peculiar kind, somew'hat resembling that produced by the 
sun shining through a mist. The thermometer in the shade fell only 3 or 4 degrees ; 
it was 61'^ during the time of the annulus. About twenty minutes before the formation 
of the annulus, Venus was seen with the naked eye; and a few minutes afterwards 
I found it impossible to fire gunpowder with the concentrnted rays of the sun 
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through a lens three inches in diameter. The same lens had no effect on the bulb 
of a thermometer during the existence of the annulus.’' 

After some further remarks, Mr. liaily goes on to say : — “ I shall now proceed 
to detail the singular appearances which occurred at the formation and dissolution 
of the annulus."—** When the last portion of the moon’s disc was about to enter on 
the face of the sun, I prepared myself to observe the formation of the annulus. I 
was in expectation of meeting with something extraordinary ; but imagined that it 
would be momentary only, and consequently that it would not interrupt the noting of 
the time of its occurrence. In this however I was deceived, as the following facts will 
shew. For when the cusps of the sun weic about 40“ nsiinder, a row of lucid points, 
like a string of bright beads, irregular in size and distance from each other, suddenly 
formed round that part of the circumference of the moon that was about to enter, 
or which might be considered as having just entered, on the sun’s disc. Its formation 
indeed was so rapid, that it piesentcd tlie appearance of having been caused by the 
ignition of a fine train of giin|)owdcr. This I intended to note ns the correct time 
ot the formation of the annulus; expecting every moment to sei* the thread of light 
qpmpleted round the moon ; and attributing this serrated appearance (as others had 
done before mo) to the lunar mountains, although the remaining part of the moon’s 
circumference wa^ comparatively smooth and circular, as seen through a telescope. 
My surprise however was great on finding that these luminous points, as well as the 
dark intervening spaces, increased in magnitude, some of the contiguous ones ap- 
pearing to run into each other like diops of watei ; for the rapidity of the change 
was so great, and the singulant) of the appearance so fascinating and attractive, that 
the mind was for the moment distracted, and lost in the contemplation of the scene, 
so ns to be unable to attend to every minute occurrence. Finallj, as the moon pur- 
sued her course, these dark intervening spaces (which, at their origin, had the ap- 
pearance of lunar niountaiii«5 in high relief, and which still continued attached to the 
sun's border) were stretched out into long, black, thick, parallel lines, joining the 
limbs of the sun and moon , when, all at oiiee, they suddenly gave way, and left the 
circumference of the sun and moon in those points, as in the lest, comparatively 
smooth and circular ; and the moon perceptively advanced on the fare of the suit 

“ The appearances here recorded passed off iii4css time than it has taken me now to 
describe them, hut they were so cxtiaordiiiary and so rapid that all ideaof time W’as lost, 
except by the recollection afterwards of what had passed; for I was so riveted to 
the scene, that I could not take my eje away from the telescope, to note down any 
thing during the progress of the phenomenon. I estimate, however, that the whole 
lasted about six or eight seconds, or perhaps ten at the utmost. 

“After the formation of the annulus thus described, the moon preserved its usual 
circular outline during its progress across the sun’s disk, till its opposite limb again 
approached the border of the sun, and the annulus was about to be dissolved. When, 
all at once (the limb of the moon being at some distance from the edge ot the 
sun) a number of long, black, thick, parallel lines, exactly similar in appearance to 
the former ones above menti'oiied, suddenly darted forward from the moon, and 
joined the two limbs as before : and the same phenomena were repeated, but in 
inverse order. For, as these dark lines got shorter, the intervening bright parts 
assumed a more circular and irregular shape, and at length terminated in a fine curved 
line of bright heads (as at the coininencement) till they ultimately vanished, and 
the annulus consequently became wholly dissolved.” 

Mr. Baily says that he shall not attempt to account for this phenomenon : but 
he says the lines “ were as plain, as distinct, and as well defined, as the open fingers 
of the human hand held up to the light. ’’ 

It appears that, in a total eclipse April 2*2, 1715, Dr. Halley noticed similar pheiio- 
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mena, as did M. CasBini May 22, 1724; Mr. Ellicot, June ICtb, 1810, at total eclipses 
which they observed. 

An annular eclipse of the sun was observed by Mr. S. Webber, April 3, 1701, 
and precisely similar phenomena were noticed ; and like phenomena had been noticed 
by M. Nicolai and Professor Moll of Leyden. It would appear also that similar 
phenomena have been noticed in the transits of Venus over the sun’s disc. 


PROBLEM xvm. 


To mtaiure the Height of Mountaine, 

The height of a mountain may be measured by the common rules of geometry : 

for if we suppose cs d (Fig. 10), to be a mountain, the perpen- 
dicular height of which is required, the following method 
can be employed. If the nature of the adjacent gi-ound will 
admit, measure a horizontal line a b, in the same vertical plane 
as the summit s of the mountain. The greater the extent of 
this line, the more correct will be the result. At the two 
stations a and b, measure the angles s a e and s b e, which are 
the apparent heights of the summit s, above the horizon, when 
seen from a and b. It will then be easy, by means of plane trigonometry, to find, in 
the right-angled triangle sea, the side f . a, as well as the perpendicular s e, or the 
elevation of the summit 8 above a f continued. 



Now let us suppose the vertical line s p n to be drawn, intor-spcting n £ in f. As, 
in dimensions of this kind, the angle h s f, formed by the vertical line and the per- 
pendicular 8 E, will for the most part he exceedingly small, and much below one 
degree, the lines s e and b f may be considered as equal.* On the other hand, the 
line F H, comprehended between the line a e and the spherical .surface c a, is evidently 
the quantity by which the real level is lower than the apparent level, in an extent 
such as A F, or more correctly in a mean length between a f and bp: for this reason 
take the mean length between a e and n e, which differ very little from a f and u f ; 
and in the table of differences between the apparent and real levels, find the height 
corresponding to that mean distance : if this height be then added to the height be 
or 8 P, already found, you will have*8 n for the corrected height of the mountain, 
above the spherical surface, where the points a and b are situated. 

If it be known how much thU surface is higher than the level of the sea, it 
will be known also how much the summit s of the mountain is elevated above the 
same level. 


Fig. IL 


Another Methods 

As it may be difficult to establish a horizontal line, so as to be in the same vertical 
plane with the summit of the mountain, it will perhaps be better to proceed in the 
following manner : 

Trace out your base in the most convenient manner, so as to be horizontal ; we 
shall here suppose that it is represented by a 6 (Fig. ll.J ; let s c be 
the perpendicular from the summit s to the horizontal plane passing 
through ah ; and let c be the point where this plane is met by the 
perpendicular : if the lines a e and h c be drawn to that point, we 
shall have the triangles sac and s 6 c, right-angled at c ; and the 
angles s.a c and she may he found by measuring, from the points 
a and 6, the apparent height of the mountain above the horizon : the 
angles sab and s 6 a, in tbc triangle a s 6, must also be measured. 
Now, since in the triangle sab^ the angles sab and sb a are known, 



* For even in the case of this enale beina a detnree» they woold not differ a ten ttiousaoddi part, 
wildi wwild suppuae the distance of tiie stations front the niountum to be more than lODOUU yards. 
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and also the side ah; any one of the other sides, such for example as « a, may be 
easily determined by plane trigonometry. In the triangle o c s, right-angled at c, as 
the angle s a c is known, the side a c and the perpendicular s c may be found in the 
same manner. When this is done, the method pointed out in the preceding ope- 
ration must be employed : that is to say, find the depression of the level below the 
apparent level for the number of feet or yards comprehended in the line a c, and 
add it to the height a c: the sum will be the height of the point s, above the 
real level of the points a and b. 

Let the horizontal length a & be 2000 yards, or 6000 feet: the angle 
aab 80° OO' ; and the angle aha 65° 10'; consequently the angle baa will be 14** 20'. 
By means of these data, the side s a of the triangle aa h will be found to be 8050 
yards. On the other hand, if wc suppose the angle sac to have been measured, 
and to be 18°, the side a c will be found, by trigonometrical calculation, to be 7656 
yards ; and a c, perpendicular to the horizontal plane passing through a 6, will be 
found equal to 2488. Now, as the depression of the real level below the apparent 
level at the distance of 7650 yards, is 12J feet, or 4 yards 6 inches,* if this quantity 
be added to the height a c, we shall have 2492 yards 6 inches for the real height 
of the mountain. 

Remark. — When either of these methods is employed, if the mountain to be 
'measured is at a considerable distance, such as 20000 or 40000 yards, as its summit 
in that case will be very little elevated above the hcxrizon, the apparent height must 
be corrected by making an allowance for refraction, otherwise there may be a very 
considerable error in the result. The necessity of this correction may be easily con- 
ceived by observing, that the summit c of the mountain b c 
P‘9- (.Fig. 12), is seen by a ray of light e c a, which is not rectili- 

neal,*but bent; so that the summit c is judged to be in d, 
according to the diiection of the line a d, a tangent to the 
3 ^ curve ACE, which in the small space a c may be considered 

as the arc of a circle. The angle dab therefore, of the ap- 
parent height of the mountain, exceeds the height at which the summit would appeal 
without refraction, by the quantity of the angle cad; which must be determined. But 
it will be found that this angle c a d is nearly equal to half the refraction which 
would belong to the appaient height dab. You must therefore find, in the tables, 
the refraction corresponding to the apparent height o a b of the mountain, and sub- 
tract the half Of it from that height : the remainder will be that of the summit of the 
mountain, such as it would be seen without refraction. 

Let us suppose, for example, that the summit of the mountain seen at the distance 
of 20000 yards appears to be elevated above the horizon 5 degrees : the refraction 
corresponding to 5 degrees is O' 54", the half of which is 4' 57" ; if 4' 57" therefore 
be subtracted from 5°, the remainder wull be 4° 55' 3" which must be employed as 
the real elevation.f 

It may thence be seen, that, to proceed with certainty in such operations, it will 
be necessary to make choice of stations at a moderate distance from the mountain ; 
so that its summit may appear to be elevated several degrees above the horizon ; 
otherwise the difference of the refraction, which is very variable near the horizon, 
will occasion great uncertainty in the measurement. 

We shall give hereafter another method for measuring the height of mountains, by 
means of the barometer ; but in this case it is supposed that it is possible to ascend 

• See the table in the additional remark. 

^ Montucia beic employs the enmmou lahlea of refraction used for nautical and astroDomlcal 
purpottes, such as that f>iveii in •* Riddle's Navi^Mtiun,*' and other woiksot the kind, lu regaidto 
terrestrial refraction, and the uilowunue made for it, sec the addiUonal remark at the end of tliis 
article* 
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to the vummit of them. We shall also give a table of the heights of the principal 
mountains of the earth above the level of the sea. W e shall here only observe that 
the highest mountains in the world, at least in that part of it w'hich has hitherto been 
accessible to scientific men, arc situated in the neighbourhood of the equator ; and it 
is with justice that an historian of Peru says, that when compared with our Alps 
and our Pyrenees, they are like the towers and steeples of the churches in our cities, 
compared with common edifices. The highest yet known is one in the Himalayan 
range in India, which rises nearly 27000 feet in a perpendicular direction above the 
level of the sea. 

As all the known mountains in Europe are scarcely two-thirds of the height of 
those enormous masses, the falsity ot what the ancients, and some ot the moderns, 
such as Kircher, have published respecting the height of mountains, will readily 
appear. According to these authors, iEtna is 4(KX) geometrical paces in height ; the 
mountains of Norway 6000 ; Mount Hmmus and the Peak of Teiitiiif 10000 ; Mount 
Atlas and the Mountains ot the Moon in Africa 15000 ; Mount Athos 20000 ; Mount 
Cassius 28000. It is asserted that these heights were found by means of their sha- 
dows ; but nothing is more destitute of truth, and if ever any observer ascends to the 
summit of these mountains, or measures their height geometrically, they will be found 
very inferior to the mountains of Peiu ; as is the case with tin* Peak of Tenerifl*, 
which when measured geometrically was found to he only about 7lHX) feet. 

Hence it appears that the elevation of the highest mountains is very little, when 
compared with the diameter of the earth, and that its regular foiin is not sensibly 
altered by them ; for the mean diameter of the earth is about 7^)574 miles; tbcrefoie 
if we suppose the hciglit of a mountam to be .‘U miles, it will be only the 2275(1 part 
of the diameter of the earth, which is less than the elevation of half a line on a globe 
six feet in diameter. 

Additional Remark As Montucla has not here explained tlicMnethod of finding 

the difference between the apparent and true level, we think it necessary to add a 
few observations on the subject. Tw’o or more places aie said to be on a true level, 
when they are equally distant from the centre ot the earth. One place also is higher 
than another, or out of level with it, when it is farther from the centre of the 
earth; and a line equally distant ftom that rentie in all its parts, is called the line 
of true level. Hence, because the earth is round, tliat line iiiuat be a curve, or at 
least parallel or concentric to it. But the hue of *‘ight, given by operations of level- 
ling, which is a tangent, or a right line perpendicular to the semi-diamcter of the 
earth at the point of contact, always rising higher above the true curve line of level 
the farther the distance, is called tiie apparent line of level ; and the difference 
between the line of true level and the apparent, is always equal to the excess of the 
secant of the arch of distance above the radius of the earth. Hence it will be found 
that this difference is equal to the square ot the distance between the places, divided 
by the diameter of the earth ; and consequently it is always proportional to the square 
of the distance. 

From these principles is obtained the following table, which shews the height of 
the apparent above the true level for every 100 yards of distance on the one hand, 
and for every mile on the other. 

The common methods of levelling are sufficient for laying pavements of w'alks, or 
for conveying water to small distances, dice. ; but in more extensive operations, as in 
levelling the bottoms of long canals, which are Co convey water to the distance of 
many miles, and such like, the difference between the true and apparent level must 
be taken into account. 
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Dist. 

Diff. of 
Level. 

List. 

DiflT. of 
Level. 

Milos. 

Kt. 

Id. 

Miles. 

Ft. 

In. 

1 

0 


7 

32 

6 


0 

2 

8 

42 

6 

1 

0 

H 

9 

53 

9 

1 

0 

8 

10 

66 

4 

2 

2 

8 

11 

80 

3 

3 

6 

0 

12 

95 

7 

4 

10 

7 

13 

112 

2 

5 

16 

7 

14 

130 

1 

6 

23 

11 

1 




Dut. 

DifT. of 
Level. 

Dist. 

Diff. of 
Level. 

Yards. 

Inrbes. 

Yards 

Inches. 

100 

0 026 

1000 

2*570 

200 

0’103 

1100 

3-110 

300 

0-231 

1200 

3*701 

400 

0-411 

1300 

4-344 

500 

0-643 

1400 

5 038 

600 

0*926 

1500 

6-784 

700 

1-260 

1600 

6-580 

800 

900 

1-645 

2 081 

1700 

7-425 


By means of these tables of reductions, the difference between the true and appa- 
rent level can be found by one operation ; whereas the ancients were obliged to 
employ a great many ; for being unacquainted with the correction answering to any 
distance, they levelled only from one 20 yards to another, as they had occasion to 
continue the work to some considerable extent. 

These tables will answer several useful purposes : First, to find the height of the 
apparent level above the true, at any distance. If the given distance be contained 
in the table, the correction of the level will be found in the same line with it. For 
example, at the distance of 1000 yards the correction is 2’57, or nearly two inches 
and a half; and at the distance of ten miles, it is GO feet 4 inches. But if the 
exact distance be not found in the table, multiply the square of the distance in yards 
by 2 57, and divide by 1000000, or cut off six places on the right for decimals, the 
rest will be inches ; or multiply the square of the distance in miles by 66 feet 4 inches, 
and divide by 100. 

2d. To find the extent of the visible hoiizon, or how far can be seen from afty given 
height on a horizontal plane, as at sea, &c. Let us suppose the eye of an observer 
on the top of a ship’s mast at sea, to be at the height of 130 feet above the water, 
it will then see about 14 miles all around ; or from the top of a cliff by the hca 
side, the height of which is 66 feet, a person may see to the distance of iieaily 10 
miles on the surface of the sea. Also, W'hen the top of a hill, or the light in a 
light-house, the height of W’hich is 130 feet, first comes into the view of an eye on 
board a ship, the table shews that the distance of the ship fiom it is 14 miles, if 
the eye be at the surface of the water; but if the height of the eye in the ship 
be 80 feet, the distance will be increased by nearly 11 miles, making in all about 
25 miles. 

3d. Suppose a spring to be on the one side of a hill, and a house on an opposite 
hill, with a valley betw'eeii them, and that the spring seen from the bouse appears, 
by a levelling instrument, to be on a level with the foundation of the house, which 
we shall suppose to be at the distance of a mile from it : this spring will be 8 inches 
above the true level of the house ; and that difference would be barely sufficient for 
the water to be brought in pipes from the spring to the house, the pipes being 
laid all the way under ground. 

4th. If the height or distance exceed the limits of this table: Then first, if the 


distance be given, divide it by 2, or by 3, or by 4, &c., till the quotient come within 
the distances in the table ; then take out the height answ'ering to the quotient, and 
multiply it by the square of the divisor, that is by 4, or by 9, or by 16, &c., which 
will give the height required. Thus, if the top of a hill be just seen at the distance 
of 40 miles; then 40 divided by 4, is 10, and opposite to 10 in the table will be 
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of the hill. But when the height w given, divide it by one of these square numbers, 
4 , 9t 16, 25, &c., till the quotient come within the limits of the table, and multiply 
the quotient by the square root of the divisor, that is by 2, or 3, or 4, or 5, &c., for 
tlie* distance sought. Thus, when the top of the peak of Tenenff, said to be about 
Smiles or 15840 feet high, just comes into view at sea, divide 15840 by 225, or the 
square of 15, and the quotient is 70 nearly, to which in the table corresponds by pro- 
portion nearly lOf miles; which multiplied by 15, will give 154 miles and ^ for the 
distance of the mountain. 

In regard to the terrestrial refraction, which in measuring heights is to be taken into 
account also, as it makes objects to appear higher than they really are, it is estimated 
by Dr. Ma^-kelvne at ^ of the distance observed, expressed in degrees of a great 
circle Thus if the di>taiice be 10000 fathoms, its 10th part 1000 fathoms is the 60th 
part of a degree on the earth, or 1', which is therefore the refraction in the altitude 
of the object at that distance. 

Le Geiidre, however, says he is induced by several experiments to allow only -^ith 
part of the distance for refraction in altitude. So that upon the distance of 10000 
fathoms, the I4th part of which is 714 fathom«, he allows only 44'' ot terrestrial le- 
fraction, so many being contained in the 714 fathoms. 

Delanihre, an ingenious F'lench astionomei, makes the quantity of terrestrial re- 
fraciion to he the 11th part of the arch of distance. But the English inea«.nrers, 
Col. Ed. Williams, f'apt. Miidge, and Mr. Dalhy. from a multitude of exact observa- 
tions made by them, determine the quantity of refraction to he the 12th part of the 
iaid distance. The quantity of tins refraction however is found to vary,* with the 
different states of the weather and atmospheie, from the 13th part of the distance 
to the 9th part ; the medium of which is the 12th, as above mentioned. 
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PROBLEM XIX. 

Method of knowing the Constellations. 

To learn to know the heavens, you must first [irovide yourself with some good 
celestial charts, or a planisphere of such a si^e, that staisof the fust and second mag- 
nitude can be easily distinguiNhed. At the end of the present article we shall point 
out the best works on this subject. 

Having placed before you one of these 
chaits, that containing the north pole, turn 
your face towards the north, and first 
find out the great bear, commonly called 
Chailes’b warn (Fig. 13.) It may be easily 
known, as it forms one of the most remark- 
able groups in the heavens, consisting of 
seven stars of the second magnitude, four 
of which are arranged in such a manner as 
to represent an irregular square, and tiie 
other three a prolongation in the form of 
a very obtuse scalene triangle. Besides, 
by examining the figure of these seven stars, as exhibited in the chart, you will easily 
distinguish those in the heavens which correspond to them. When you have made 
yourself acquainted with these seven principal stars, examine on the chart the con. 
figuration of the neighbouring ones, which belong to the Great Bear ; ard you will 
thence learn to distinguish the other less considerable stars which compose that 
constellation. 

After knowing the Great Bear, you may easily proceed to the Lesser Bear ; for 
nothing will be necessary hut to draw, as seen in the annexed figure, a straight line 
through taro anterior start of the square of the Great Bear, or the two farthest 
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distant from the tail : this line will pass very near the polar star, a star of the second 
magnitude, and the only one of that size in a pretty large space. At a little distance 
from it, there are two other stars of the second and third magnitude, which, witirfour 
more of a less size, form a figure, somewhat similar to that of the Great Bear ; but 
smaller. This is what is called the Lesser Bear ; and you may learn, in the same 
manner as before, to distinguish the stars which compose it. 

Now, if a straight line be drawn through those stars of the Great Bear, nearest to 
the tail, and through the polar star, it will conduct ;^ou to a very remarkable group 
of five stars arranged nearly in this form ^ : these are the constellations of Cassi- 
opeia, in which a very brilliant new star appeared in 1572; though soon after it 
became fainter, and at length disappeared. 

If a line, perpendicular to the above line, be next drawn, through this constella- 
tion, it will conduct, on the one side, to a very beautiful star called Algenib, which 
is 111 the back of Perseus ; and, on the other, to the constellation of the Swan, re- 
markable by a star of the first magnitude. Near Perseus is the brilliant star of the 
Goat, called Cupella, which is of the first magnitude, and forms part of the constel- 
lation of Aurigiu 

After this, if a straight line be drawn through the two last stars of the tail of the 
Great Bear, you will come to the neighbourhood of Arcturus, one of the most 
btilliant stars in the heavens, which forms part of the constellation of Bootes. 

In this manner you may successively employ the knowledge you have obtained 
of the stars of one constellation, to enable you to find out the neighbouring ones. 
We shall not enlarge farther on this method ; for it may be easily conceived, that we 
cannot proceed in this manner through the whole heavens : hut any person of inge- 
nuity, in the course of a few nights, may learn by these means to know a great part 
of the heavens ; or at any rate the principal stars. 

The ancients were not acquainted with, or rather did not insert into their cata- 
logue, more than 1022 lixed stars, which they divided into 48 constellations; but 
their nuinher is much greater, even if we coiihiie ourselves to those which can be 
distinguished by the naked eye. The Abh^ de la Cuille observed 1492 in the small 
spare comprehended between the tropic of Capricorn and the south pole; apart 
ot which ho formed into new constellations. But this space is to the whole sphere, 
as 3 to 10 nearly; so that in our opinion, the whole number of the stars visible to 
the naked eye may be estimated at about 6500. It is a mere illusion that makes us 
conclude, on the first view, that they are iiinuraerahle ; for if you take a space com- 
prehended between four, five, or six stars of the second and third magnitude, and try 
to count those it contains, you will find that it can be done without much difficulty; 
and some idea may he thence formed of their total number, which will not much 
exceed that above stated. 

The stars are divided into different classes, viz., stars of the first, second, third, 
&c. magnitude, as far as the sixth, which are the smallest perceptible to the naked 
eye. There are 20 of the first magnitude, 76 of the second, 223 of the third, 512 
of the fourth, &c. 

In regard to the constellations, the number of those commonly admitted is 90; 
of which 33 belong to the northern hemisphere, 12 to the Zodiac, and the remaining 
45 to the austral or southern liemisphei e. We shall here give a catalogue of them, 
with the number of the principal stars of which each is composed, together with the 
names of some of the most remarkable stars : the constellations which have this 
mark * against them, are modem ones, the others ancient. The figures placed against 
the principal stars, denote their magnitudes. 
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1. PRINCIPAL CONSTELLATIONS NORTH OF THE ZODIAC. 


No. 

Constellation*. 

No.oJ 

Stars 

Chief Stars. 

Na 

Constellations. 

No.ol 

Stais 

Chief Start. 

1 

Ursa Minor 

24 

Pole Star 

2 

19 

Serpens 

50 


2 

Ursa Major 

105 

Dubhe 

1 

20 

Scutum Sobieski 

76 


3 

Perseus 

72 

Algenib 

2 

21 

Hercules cum 



4 

Auriga 

66 

Capella 

1 


Ramo et Cer- 



5 

♦Bootes 

54 

Arcturus 

1 


bero 

117 

Ras Algiatba 3 

6 

Draco 

84 

Rastaber 

3 

22 

• Scrpentarius 



7 

•Cepheus 

51 

Alderamiu 

3 


siveOpbiucus 

142 

Ras Albagus 3 

8 

•Canes Venatici 




23 

♦Taurus Ponia- 




scil. Asterian 





towskl 

7 



et Chara 

63 1 



24 

Lyra 

24 

Vega 1 

9 

•Cor Caroli 

3 1 



25 

•Vulpecula et 



10 

•Triangulum 

1 10 




Anser 

36 


IJ 

Triangulum 




26 

Sagitta 

12 



minus 

1 6 



27 

Aquila 

40 

Altair 1 

12 

•Musca 

6 



28 

Delphinus 

13 


13 

•Lynx 

48 



29 

•Cygnus 

82 

Deneb Adige i 

14 

•Leo Minor 

59 



30 

•Equulcus 

10 


15 

•ComaBerenices 

45 



31 

•Lacerta 

16 


16 

• Camelopardalus ’ 

78 



32 

•Pegasus 

88 

Markab 2 

17 

•Mons Menelaus' 

11 



33 

•Andromeda 

71 

Almaac 2 

18 

CoronaBorealis' 

21 








II. CONSTELLATIONS IN TOE ZODIAC. 


No. 

CoustellatiOQS. 

No.oi 

.Stars 

Chief Stars. 

No. 

Constellations. 

No.oi 

Stan 

Chief Stars. | 

1 

Aries 

67 


7 

Libra 

55 

ZubeiiicbMuli2 

2 

Taurus 

143 

Aldebaran 1 

8 

Scorpio 

37 

Ad tares 

1 

3 

Gemini 

67 

Caator and 

9 

Sagittal ius 

73 






Pollux 1.2 

10 

C'apricoruus 

54 



4 

Cancer 

67 


11 

Aquarius 

119 

Scheat 

3 

5 

Leo 

101 

Regulus 1 

12 

Pisces 

115 



‘ 6 

Virgo 

1 17 

.SpicaVirginis 1 







III. PRINCIPAL CONSTELLATIONS 

SOUTH OF TIIK 

ZODIAC. 


No. 

Constellations. 

No.of 

Stars 

Chief Stars. 

No. 

Constellations. 

No.f»l 

Stars 

Chief Stars. j 

1 

♦Pheenix 

13 


15 

Canis Major 

31 

Sirius 

1 

2 

♦OflBcina Sculp- 



16 

•Equuleus Pic- 





toria 

12 



torius 

8 



3 

Eridanos 

76 

Achernar 1 

17 

•Monoceros 

31 



4 

•Hydras 

31 


18 

Canis Minor 

18 

Procyon 

1 

5 

•Cctus 

70 

Menkar 2 

19 

•Chameleon 

10 


6 

♦FornaxChemica 

14 


20 

•Pyxis Nautica 

4 



7 

♦Horologium 

12 


21 

•Piscis Volans 

8 

Cor Hydrse 


8 

•Reticulus 



22 

Hydra 

43 

1 


Rhomboidalis 

10 


23 

•Sextftns 

43 


9 

•Xiphias 

7 


24 

•Robur Caroli - 




10 

♦Celapraxitellis 

16 



nura 

12 



11 

12 

•Lepus 

•Colomba Noa- 

18 


25 

•Machina Pneu- 
madca 

3 




cbi 

10 


26 

•Crater 

1 1 

A Ikes 

3 

13 

Orion 

70 

Betelguese i 

27 

*Corvu8 

9 

Algorab 

3 

U 

Argo Nayil 

43 

Canopus i 

28 

*Crotiera 

6 
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No. 

Constellations. 

No.of 

Stars 

Chief Stars. 

No. 

Constellations. 

m 

Chief Stars. 

29 

•Musca 

4 


38 

•Corona Aus- 



30 

*Apis Indica 

11 



trails 

12 


31 

*Circinu8 

4 


39 

*Pa\o 

14 


32 

Centaurus 

36 


40 

•Indus 

12 


33 

•Lupus 

24 


41 

•Microscopium 

10 


34 

* QuadraEuclldis 

12 


42 

•Octaus Hadlei- 



35 

*TrangulumAus- 

5 



aiius 

43 



traie 



43 

•Grus 

14 


36 

Ara 

9 


44 

•Toucan 

9 


37 

•Telescopium 

9 


45 

Piscus Austra- 




1 




lis 

90 

Fomalhaut 1 


IV. NUMBER OF BTAR8 OF EACH MAGNITUDE. 


Constellations. 

ET o 

C o 

g ;l 

Magnitudes. 

Total 
Number 
of Stars. 

I. 

11. 

HI. 

IV. 

V. 

VI. 

In the Zodiac 

12 

5 

16 

44 

120 

183 

646 

1014 

Ir the N. Hemisphere 

33 

6 

24 

95 

200 

291 

635 

1251 

In the S. Hemisphere 

45 

9 

36 

84 

190 

221 

323 

865 


90 

20 

76 

223 

512 

695 

1604 ' 

3130 


We shall not here enter into any physical details respecting the stars; as we re- 
serve these tor another place, where we shall speak of their distances, inugnitiides, 
motion, and vaiious other things relating to this subject ; such as new stars, change- 
able or periodical stais, &c. 

The best celestial charts were for a longtime those of Bayer’s Uranometria, a work 
in folio, published in 1603, and which has gone through a great'many editions. But 
these charts have given place to the magnificent Celestial Atlas of Flamsteed, pub- 
lished in folio at London, in 17*29 ; a w'ork indispensably necessary to every practical 
astronomer. Of the other charts or planispheres, those of Pardies, published in 1673, 
in six sheets, magnificently engraved by Duchange, are esteemed. We have also the 
two planispheres of De la Hire, in two sheets. Seiiex, an English engraver, published 
likewise two new planispheres, according to the observations of Flamsteed ; one of 
them in two sheets, where the two hemispheies are projected on the plane of the 
equator ; and the other where they are projected on the plane of the ecliptic. Those 
who have not the Celestial Atlas of Flamsteed must provide themselves with jcither 
of these planispheres. The modern astronomers, and particularly La Caille, having 
added a great number of new constellations to the old ones in the southern hemis- 
phere, two new planispheres have on that account been formed. One of them, by 
M. Robert, consists of two sheets, where the ground of the heavens is coloured blue ; 
so that the constellations are very distinctly seen. It is constructed according to the 
newest observations ; and it is accompanied with useful instructions respecting the 
method of knowing the heavens. 

As it is of the greatest importance to astronomers, to be acquainted with the con- 
stellations and stars of the Zodiac, because the planets move in that circular band, 
'Senex, before mentioned, published, about half a century ago. The Starry Zodiac, 
from Flamsteed’s Observations ; and as it was difficult to be procured at Paris, the 
Sieur Dheuland, engraver, gave, in 17«'»5, a new edition of it ; with such corrections 
as the interval between that period and the time when Senex published his edition, 
had rendered necessary. He was directed in this undertaluiig by M. de Seligny, a 
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young officer in tbe service of the East- India Company. To the Zodiac of Dheuland 
is annexed a minute catalogue of the Zodiacal stars, with their longitudes and latitudes, 
reduced to the year 1755. This catalogue comprehends 924 stars; but the author, 
to render his work more useful in nautical observations, gives to his Zodiac ten 
degrees of latitude, on each side of the ecliptic. It may be readily seen, from what 
has been here said, that those who are not possessed of the Celestial Atlas of 
Flamsteed, must procure the Zodiac and Catalogue of Dheuland, or rather of Seligny, 
and that even possessing the former work does not supersede the necessity of the 
latter 

A new edition of Flamsteed's Atlas, reduced to a third of its original size, has 
since been published, with a planisphere of the austral stais obseived by La Caille. 
M Fortin, the author, reduced all the stars to the year 1780 ; and added a chart 
of the stars representing the different figures which they form, together with their 
relative positions. 

To the above list we may add tlie large Celestial Atlas lately published by Pro- 
fessor Bode, of Berlin, consisting of twenty sheets. 

Utmtfrk — Since the period when mankind began to observe the stars, various 
astronomers, at different times, have undertaken to exhibit, in charts, their places, 
relative distances, and magnitudes. To the works of this kind before mentioned, we 
may add aLo the Calum StiUatumof Julius Schiller, 1()27 ; the Ftrmamentum Sobes- 
cianum of Ilevelius, IfiOO, in 54 sheet«»; and Doppelma)er*s Celestial Atlas, Nurem- 
beig 1742. In the year 1720 Flamsteed’s Celestial Atlas was published in 28 sheets, 
containing 2919 stars, observed by that astronomer at Greenwich, and divided into 
56 constellations. In the year 177<>, an edition of it, reduced to the quarto form, 
was publi'^bed at Pans by Foitiii, in .‘10 sheets; in the year 1790 La Lande and 
Meehain published the same plates, considerably improved and enlarged with seven 
new' constellations. In the year 1782 M Bode published the same Atlas in 34 sheets, 
small folio; but he added, besides the old observations, a great many new ones, and 
above 2I(X) fixed stars and nebulae. In the year 1748, a new Utanograpbia^ of the 
same kind as that of Bayer, to consist of 50 ‘*heets, was announced to be published 
by subscription in England. Dr. Bevis, a noted astronomer, was at the head of 
this undertaking, and some of the sheets were engraved ; but the work was never 
completed.* The Atlas now published by professor Bode, in 20 sheets, is constructed 
according to an entirely new projection, Flamsteed’s charts were each 21 inches in 
breadth and 28 inches in length ; those of Bode’s Atlas are 26 inches in breadth and 
38 in length. Flamsteed’s Atlas contains only 56 constellations on 28 sheets; that 
of Bode contains 106 on 18 sheets, together with the stars around the south pole, 
and two hemispheres. Of late years, by the continued assiduity of astronomers, 
the number of stars observed has been much increased. Dr. Herscbel, with his excellent 
telescopes, has discovered above 2500 nebulae, groups of stars, and double stars. 
Baron von Zach of Gotha constructed a new and complete catalogue of the fixed 
stars, from his own observations ; but Professor Bode for the greatest number of bis 
iinproveinents was indebted to La Lande. This meritorious astronomer supplied him 
at different times with new stars, amounting altogether to about 601)0, which were 
observed by himself and his nephew Le Fran 9 oi 8 , at the Military school, with a mural 
quadrant by Bird. But tbe first manuscripts transmitted by La Lande, contained the 
right ascensions only to minutes of time ; and consequently were not accurately 
enough defined for tbe large scale on which these charts are constructed. Professor 

• Another little known Celeetial Atlas, which at leant ia not tncntloned by La Lande, ia that of ('or- 
faioiauua 'Ihomaa, a Benedictine and profcMnr of mathematics at AuKBliurg. It i§ entitled Pir- 
uafneDtum Firmianuni,*' in honour of tbe then tnaliop of the booae uf Firtnian, and was publiaked 
at Attgabttrg in amall folio, in the year 1791. In Uus Atlas tbe oonhem cruwo is culled *« Cunwa 
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Bode tborefore inserted only some of these stars into his charts, being obliged to 
leave out the greater part of them. La Lande sent afterwards more correct positions ; 
and though the professor encountered many difficulties in reducing them, in conse* 
qiienceof errors in the transcrib'iig or calculation, be was enabled to add to his charts 
some thousands of new stars, furnished by the above astronomer. The professor 
however found seveial vacuities, and being desirous that the improvement introduced 
into bis woik should be uniform, he resolved to supply these deficiencies from his 
own observations. He began therefore in the month of December 1796, at the royal 
observatory of Berlin, to search for and observe new stars, with a mural quadrant by 
Bii'd ; and by these means was enabled to enrich bis Atlas with some hundreds of 
stars, of the 6th and 7th magnitudes, not to be found in any of the catalogues. 

Flamsteed, for his charts, made choice of a kind of projection by which, especially 
under great declinations, no proper idea is given of the real figure of the circles of 
the sphere. In these charts the parallels to the equator are straight lines, which 
intersect the meridians, where the cosines of their distance from the mean meridian 
falls. They appear theiefore as ciooked lines; the meridians or great circles appear 
also crooked, and the paiallels or less circles straight lines, entirely contrary to the 
real form which these ciicles of the sphere exhibit. Professor Bode therefore made 
choice of another kind of pi ejection, namely, that conical projection described by 
Kastner in bis Geometrical Treatises, and in which the semi-diameter of the mean 
parallel is the cotangent of its declination. The mean meridian, on the other 
hand, is lengthened where these cotangents fall ; and from this point as a centre 
are drawn the parallel circles at every 5 degrees. At this centre the value of the 
angle of right ascension, for example 10 degrees, is made = sin, decl. 10®; and the 
meridians are drawn as straight lines. By this construction the degrees of ascension 
nre kept in the pioper proportion to those of declination, in the mean zones lying be- 
tween the parallels, as fai as they extend east or west ; and the principal stars which 
each sheet exhibits, fall in these mean rones. Each sheet generally contains about 75% 
on the cquatoi, of right ascension, and 54® in declina'.ion. When the equator falls in 
the middle of the chart, the parallels and meridians aie straight lines, placed at equal 
distances, and intersecting each other at right angles. The polar regions are deli- 
neated according the stcreographic pi ejection. The scale of these charts, the two 
polai ones excepted, is lO** declination to 4 inches English. 

The names of all the constellations are given in Latin, according to the general 
practice; the orrigiiml constellations, wdien they form the principal figures in the 
chart, are completely shaded ; but in such a manner that the smallest stars and the 
nebulous spots are apparent. The names are given in large Roman shaded characters. 
The constellations introduced in modem times are shaded in the punctured manner; 
and the names are added in large open Roman characters. Besides the Arabic and 
Latin names already known, the old Arabian names are also added to many of the stars. 
The epoch of the right ascension of these stars is fixed at the Ist of January, 1801. 

The Society for the Diffusion of Useful Knowledge have published two sets of 
celestial maps on the gnomomc projection. The smaller is of a quarto size, and the 
larger of 25 itirhes square, and forms one of the most useful celestial Atlases bitheito 
published. The late Professor Ilardiug, well known to astronomers as the discoverer 
of the planet Juno, published an Atlas of the heavens, which is considered exceedingly 

accurate especially that part of it where planets may be expected to appear. At the 

death of the Professor many copies of this valuable Atlas were in possession of the 
family, and several copies were purchased on the occasion by English astronomers. 

An Atlas has for some time been in progress of construction from actual observations 
made by several astronomers in Germany and one or two in England, each taking 
a separate part of the Heavens and filling up from bis observations skeleton forms with 
which he is furnished. This work when finished will doubtless be of standard charactar. 
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CHAPTER II. 

A SHORT VIEW OF THB PRINCIPAL FACTS IN REGARD TO PHYSICAL ASTRONOMY, 
OR THE SYSTEM OF THE UNIVERSE. 

There is no difTercnce of opinion at present among enlightened philosophers, in 
regard to the position of the planets and of the sun. All those capable of estimating 
the proofs deduced from astronomy and physics, admit that the sun occupies the 
centre of an immense space, in which the following planets revolve around him at 
different distances, viz., Mercury and Venus > the Earth, always accompanied by 
the moon ; Mars ; Pallas and Vesta, discovered by Dr. Gibers ; Ceres, discovered by 
M. Piazzi ; Juno, by Harding; and Jupiter, followed by his four moons or satellites; 
Saturn, surrounded by his ring, and accompanied by seven satellites ; the Georgian 
planet, discovered by Dr. Hersehel, together with its satellites; and lastly a great 
number of comets, yrhich have been shewn to be nothing else but planets having 
orbits very much elongated. 

The path in which each of the planets moves around the sun is not a circle, but an 
ellipsis more or less elongated, in one of the foci of which that luminary is placed; 
so that when the planet is at the extremity of the axis, bc>ond the centre, it is at 
its greatest distance from the sun ; and when at the other extremity of that axis, it is 
at its nearest distance. This ellipsis however is not very much elongated : that de- 
scribed by Mercury is the most of all of the ancient pl.inets ; for the distance of its 
focus from the centre is equal to a fifth part of its semi-axis. That of Venus is 
nearly a circle. In the orbit of the earth, the distance from the focus to the centre 
is only about a 57th part of the semi-axis. The last discovered planet, Pallas, it is 
said has its orbit the most elongated of any, its eccentricity being about one third 
of its mean distance from the sun. 

The motion of all these bodies around the sun is regulated by two celebrated laws, 
the discovery of which has rendered the name of Kepler immortal. The first of 
these laws, which relates to the motion of a planet in the different points of its orbit, 
is, that it always moves in such a manner, tliat the area described by the radius vector, 
or the straight line drawn from the planet to the sun, increases 
uniformly in equal times, or is always proportional to the time; 
60 that if a planet, for example, employs 30 days in moving from 
A to IT (Fig. 14.) and 20 in moving from tt to p, the niixtiliueal 
area a s w will be to the mixtilineal area t s p, as 30 to 20 ; or 
A B IT is to A 8 />, as 30 to 50, or as 3 to 5. In double the time 
therefore this area is double, and so on ; whence it follows, that 
when the planet is at its greatest distance, it moves with the 
least velocity* in its orbit. The ancients laboured under 
a mistake, when they imagined that the retardation which 
they observed in the motion of any of the heavenly bodies, such as the sun for 
example, was a mere optical illu.sion: ibis retardation is partly real, and partly 
apparent 

The second law, discovered by Kepler, is that which regulates the distances 
of the planets from the sun, and their periodical times, or the times of their revo- * 
lutions. According to this law, the cubes of the mean distances of two planets 
from the sun, around which they perform their revolutions, are always in proportion 
to each other as the squares of tbeir periodical times ; thus, if the mean distances 
of two planets from the sun, he the one double of the other, since the cubes of these 
distances will be as 1 to 6, the squares of the periodical times will be as 1 to 8 ; con- 
sequently the times themselves will be to each other as 1 to the square root of 8, 
which is 2(1 nearly. 


i?’fy. 14. 
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This rule holds good, not only in regard to the principal planets, those which 
revolve about the sun, but also in regard to the secondary planets, which revolve 
around a primary planet, as the four satellites of Jupiter and the seven satellites 
of Saturn. If the earth had two moons, they also would observe this law in regard 
to each other by a mechanical necessity. 

These two laws, first discovered by Kepler, fiom his observations and those 
of Tycho Brahe, were afterwards confirmed and proved by Newton, from the princi- 
pies and laws of motion ; so that those who deny truths so well established, must be 
incapable of feeling the force of a demonstration. 

We know of no secondary cause that could have any influence in regulating the 
distances of the planets from the sun, yet there appears a relation between the dis- 
tances which is too remarkable to be considered accidental. This was first remarked 
by Bode of Berlin, who remarked that a planet was wanting to complete the rela- 
tion ; and that want has since been supplied by the discovery of the four new planets 
at almost the precise distances from the sun which Bode suggested that a planet 
ought to be. According to Bode (and it is nearly true), the distances of the planets 
may be expressed as follows : — that of the Earth being 10. 


Mercury 

... 22 = 

4 

Venus 

... 22 + 3-2“ = 

7 

Earth 

.. 22 + 3*21 = 

10 

Mars 

.. ^ + 3-iP = 

16 

New planets 

.. 22 -f 3-2* = 

28 

Jupiter 

.. 22 + 3*2^ = 

52 

Saturn 

.. 22 + 3-25 = 

100 

G corgi urn Sidus . . . . 

. . 22 + 3-25 = 

196 


We shall now lay before our reader every thing most remarkable in regard to those 
celestial bodies of \\hich we have any knowledge, beginning with the sun. They 
who can behold this sublime picture without emotion, ought to be classed among 
those stupid beings whose minds are insensible to the most magnificent works 
of the Deity. 


I — Of the Sun, 

The sun, as we have already said, is placed in the centre of our system, as a source 
of light and heat, to illuminate and vivify all the planets subordinate to it. Without 
his benign iniliience the earth would be a mere block, which in hardness would sur- 
pass marble and the most compact substances w'ith which we are acquainted ; no 
vegetation, no motion would be possible: in a woid, it would be the abode of dark- 
ness, inactivity, and death. The first rank therefore among inanimate beings cannot 
be refused to the sun ; and if the error of addressing to a created object that adora- 
tion which is due to the Creator alone, could admit of excuse, we might be tempted 
to excuse the homage paid to the sun by the ancient Persians, as is still the case 
among the Guebres, their successors, and some savage tribes in America. 

The sun is, or seems to be, a globe of fire, the diameter of which is equal almost 
to 111 times that of the earth, being about 883217 English miles ; its surface there- 
fore is 12321 times greater than that of the earth ; and its mass 1367031 times. 
Its distance from the earth, according to the latest observations, is about 95 millions 
of miles. 

This enormous mass is not absolutely at rest : for modern astronomers have found 
that it revolves round its axis, in 25 days 12 hours. This motion takes place, on an 
axis inclined to the plane of the ecliptic about 7J® ; so that the equator of the sun 
has the same inclination to the earth's orbit. 

This phenomenon was discovered by means of the spots, with which the surface 
of the sun is covered at certain periods * with the assistance of a telescope, these 
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ipots, which are dark, and generally of a very irregular form, and which often remain 
some months, may be observed on the disk of this luminary. They were first dis- 
covered by Galileo, who thus gave a mortal blow to the opinion of the philosophers 
of that time, some of whom, treading in the steps of Aristotle, considered the ce- 
lestial bodies as unalterable He repeatedly observed, nt different periods, large 
spots on the sun’s disk ; saw them always approach in the same direction, and almost 
in a straight line to one of the edges ; then disappear, and re-appear afterwards at 
the other edge ; whence be concluded that the sun had a rotary motion about bis 
axis It is remarked that these spots employ 27 days ]'2 hours to return to the same 
point of the disk where they began to be observed; hence it follows that they require 
25 days 12 hours, to perform a complete revolution;* and consequently the sun em- 
ploys that time in i evolving almut his axis. 

It thence follows, also, that a point in the sun’s equator moves about four times 
and a third as fast as a point of the terrestrial equator, during its diurnal motion ; 
for, the circumference of a solar great circle being 111 times as great, these points 
would move with the same velocity if the period of the sun’s revolution were 111 
days. But being only 25 days and some hours, it is about four times and a third as 
rapid. 

Astronomers have also had the curiosity to measure the extent of some of these solar 
spots; and ha\c fuiirid tiiat they are sometiiries much larger than the whole earth. 

In rcgaid to the nature of these spots, some philosophers have conjectured, that 
they can be notliiiig cKe than p.irts of the nucleus of the sun which remain unco- 
vered, in consequence of the irregular movements of a fluid violently agitated. An 
English astronomer, Professor Wilson of Gla‘*gow, revived this idea in the Philoso- 
phical Transactions for 177*% with this difference, that according to his theory the 
luminous matter of the sun is not fluid, but of such a consistence that, under par- 
ticulai circumstances, there may be sometimes formed in it considerable excavations, 
which discovei a portion of the nucleus. The sloping gules ot these excavations, 
accoiding to his opinion, form the faciilie, or that border less luminous, without being 
black, with which these spots aie generally surrounrlod. Tins theory he endeavours 
to establish, b} examniing the phenomena that ought to be exhibited by such exca- 
vations, according to the manner in which they might present them^elves to an ob- 
server. 

Other philosophers have supposed these spots to be only clouds of fuliginous 
vapours, which remain su'^pended over the surface of the sun, in the same miiiiner as 
the smoke that rises from Vesuvius at the time of an eruption ; and v>hieh to an eye 
placed in the atmosphere w’ould appear to cover a large tract of country. Some also 
have iiinigined them to consist of a kind of scum produced by the combustion 
of heterogeneous mutters, which have fallen on the sun’s surface. But, in all pro- 
bability, nothing certain will ever be known on the subject. For considerable pe- 
riods no laige spots aie seen on the sun’s disk, and sometimes a great many are ob- 
served. In 1037 it is said they were so numerous, that both the heat and splendour 
of that luminary were in some measure diminished by them.f If the opinion 
of Descartes, respecting the incrustation of the stars, and their conversion into opake 
planets, had been then known, some apprehensions might have been entertained 
of seeing the sun, to the great misfortune of the human species, undergo this strange 
metamorphosis. 

We shall here remark that a certain figure of the sun, given on the authority of 
Rircher, and copied in various maps of the world, ought to be considered merely as 

* Tlte rca«on of thin difference is, tliat white the mm perfonnt a complete revolution on itii axiii, 
the erfrth, niovinp; in i's oriat, advames aiiout *25 deirrees towards the mime side* on which account 
the spot must still pass over about 25 degrees, before it can be lu the same point ot view in legard 
to the eartti. 

t III September 1930, tkey were very numerous, and many of them large. 
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an imaginary production. No observationa have ever been made by any aatronomcr, 
that can serve as the least foundation for it. 

In 1683, Cassini discovered that the sun not only has a proper light of his own, 
but that he is accompanied by a kind of luminous atmosphere, which extends to an 
immense distance, since it sometimes reaches the earth. But this atmosphere is not 
of a form nearly sphencal. like that of the earth : it is lenticular, and situated in such 
a manner that its greatest breadth coincides almost with the prolongation of the solar 
equator. We indeed often see, during very serene weather, and a little after sun- 
set, a light somewhat inclined to the ecliptic, several degrees broad at the horizon, 
and decreasing to a point, which rises to the height of 45®. It is principally towards 
the equinoxes that this phenomenon is observed ; and as it has been since seen, and in 
various places, by a great number of astronomers, these appearances cannot perhaps 
be accounted for, but by supposing around the sun an atmosphere such as that above 
mentioned. 

It has been observed that this Zodiacal light is most distinct about the first of 
March, at about 7 o'clock in the evening; but it has been teen in January, and 
according to T^T. Toulquier it is always seen at Gnadalotipe in fine weather. 

Doctor Ilerschel has two ingenious papers in the Philosophical Transactions for 
1795 and 1802, containing many new and curious speculations on the nature and cqn- 
stitution of the sun, his light, &c. Dissatisfied with the old terms used to denote 
certain appearances on the surface of the sun. Dr. Herschel rejects them ; and instead 
of the words, spots, nuclei, penuinbrae. luculi, &c., he substitutes openings, shal- 
low^s, ridges, nodules, corrugations, indentations, pores, &c. He imagines that the 
body of the sun is an opake habitable planet, surrounded and shining by a luminous 
atmosphere, which being at times intercepted and broken, gives us a view of the sun’s 
body itself, which are the spots, &c. He conceives that the sun has a very exten- 
sive atmosphere, consisting of clastic fluids, that are more or less lucid and tran- 
sparent, and of which the lucid ones furnish us with light. “ This atmosphere, 
be thinks, is not less than 1843, nor more than 2765, miles in height : and he sup- 
poses that the density of the luminous solar clouds need not be much more than 
that of our aurora borealis, in order to produce the effects with which we are ac- 
quainted. The sun then, if this hypothesis be admitted, is similar to the other globes 
of the solar system, with regard to its solidity— its atmosphei e— its surface diversi- 
fied with mountains and valleys— the rotation on its axis— and the fall of heavy bodies 
on its surface it therefore appears to be a very eminent, large, and lucid planet, the 
principal one in our system, disseminating its light and heat to all the bodies with 
which it is connected. 

II Of Mercury. 

Mercury is the smallest of all the ancient planets, and the nearest the sun ; its 
distance from that luminary is about g of that of the earth : Mercury therefore re- 
volves about the sun at the distance of about 37 millions of miles. On account of 
this position, it is never more than 28° 20' from the sun, and on this account it 
is very difficult to be seen. When at about its greatest elongation from the sun 
it appears through a good telescope as a crescent like the moon towards her 
quadratures. 

It has not yet been ascertained from any observations whether Mercury has a 
motion round its axis, which however is very probably the case. 

This planet completes its revolution round the sun in 87 days 23 hours 15 minutes; 
and its diameter is to that of the earth as 2 to 5; so that its bulk is to that of the 
earth as 8 to 125. 

The distance of Mercury from the sun being no more than of that of the earth ; 
and as heat increases in the hiverse ratio of the squares of the distance ; it thence 
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follows that, cateris paribus^ it is nearly seven times as hot in that planet as on our 
eaith. This heat even far exceeds that of boiling water. If Mercury therefore 
has the same conformation as our earth, and is inhabited, the beings by which it is 
peopled must be of a nature very different from those of the latter. In this there is 
nothing repugnant to reason ; for who will dare to confine the power of the Deity 
to beings almost similar to those with which we are acquainted on the earth ? We 
shall shew hereafter that the conformation of the surface of Mercury, and the 
nature of the circumambient fluid, may be such as to make it not impossible for 
such beings as ourselves to exist in it. 

III . — Of VenuB. 

Venus is the most brilliant of all the planets in the heavens. This planet, as is well 
known, sometimes precedes the sun ; and on that account is called Lucifer, or the 
morning star : sometimes it follows him, appearing the first after he is set { and on 
that account is distinguished also by the name of Fesper, or the evening star. 

This planet revolves about the sun at a distance from him, which is to that of 
the earth from the sun, as 68 to dS; consequently its distance from the sun is 
about 68 millions of miles ; its greatest elongation from the sun, in regard to us, 
is about 48®, and it exhibits the same phases as the moon. 

The revolution of Venus around the sun is performed in 224 days 16 hours 49 
minutes : its diameter, according to the latest and most correct observations, is nearly 
the same as that of the earth, and consequently it is of equal bulk also. Changeable 
spots have been discovered on the surface of Venus, which serve to prove the revo- 
lution of that planet about its axis ; but the period of this revolution is not yet fully 
ascertained. M. Bianchini makes it to be 24 days, and M. Cassini 23 hours 20 mi- 
nutes. For our part we are inclined to adopt the latter opinion ; but unfortunately 
these spots, seen by Maraldi and Cassini, are no longer visible, even with the help 
of the best telescopes, at least in Europe : at present not a single spot can be ob- 
served in this planet ; and therefore the question must remain undetermined till new 
ones are seen. 

Venus may sometimes puss between the earth and the sun, in such a manner as to 
be seen on the disk of the latter, where it appears as a black spot, of about a minute 
apparent diameter. It was seen for the first time passing over the sun's disk in Nov. 
1631 ; it was again observed under the like circumstances on the 6th of June, 1761 ; 
and the same observation was made on the 3d of June, 1769. It will not be again 
seen passing over the sun’s disk, till the 9th of December, 1874. In the observation 
of this phenomenon, all the states of Europe interested themselves, as the founda- 
tion of the best method of finding the sun’s parallax, from which his distance from 
the earth may be computed, and thence his distance from any other planet whose 
time of revolution is known. 


IV.— O/ the Earth, 

The Earth, which we inhabit, is the third in the order of the planets hitherto 
known. Its orbit, the semi-diameter of which is about 95 millions of miles, com- 
prehends within it those of Venus and Mercury. It performs its revolution about 
the sun in 365 days 6 hours 1 1 minutes ; for it is necessary that a distinction should 
be made between the real and complete revolution of the earth, and the tropical revo- 
lution or what is called the solar year. The latter consists of 365 days 5 hours 49 
minutes ; because it represents only the time which the sun employs in returning to 
the same point of the equinoctial ; but as the equinoctial points go buck every year 
5<r, which makes the stars seem to advance the same quantity, in the same period ; 
when the earth has returned to the point of the vernal equinox, it must still pass over 
50^ before it can attain to the point of the fixed sphere, where the equinox was the 
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preceding year. But as it employs for this purpose about 20 minutes, these added to 
the tropical year will give, as the time of the complete revolution, from a point of 
the fixed sphere to the same point again, 365 days 6 hours 11 minutes, as mentioned 
above. 

During a revolution of this kind, the earth, in consequence of the laws of motion, 
always maintains its axis parallel to itself; and it performs its revolution around this 
axis, with respect to the ^ed stars, in 23 hours 56 minutes ; for it is in regard to the 
fixed stars that this revolution ought to be measured, and not in regard to the sun, 
which has apparently advanced in the same direction about a degree per day. This 
parallelism of the earth’s axis produces the variation of the seasons ; as it exposes 
sometimes the northern and sometimes the southern part to the direct influence of the 
sun’s rays. 

This parallelism however is not absolutely invariable. In consequence of certain 
physical causes, it has a small motion, by which it deviates from it, at each revolution, 
about 50 seconds ; as if it had a conical motion, exceedingly slow, around the move- 
able and supposed axis of the ecliptic. On account of this motion, the apparent pole 
of the world, among the fixed stars, is not fixed ; but revolves about the pole of the 
ecliptic, and approaches certain stars, while it recedes from others. The polar star 
has not always been the nearest the arctic pole ; nor is it yet at its greatest degree of 
proximity : it will attain to this situation about the year 2100 of our ©ra, and its 
distance from the pole at that period will be 28' or 29 ; the arctic pole will then recede 
more and more from it, so that in the course of ages there will be another polar star, 
and even others after that in succession. 

The axis of the earth is inclined to the plane of the ecliptic, at present, in an angle 
of nearly 23^ 28, which causes the inclination of the ecliptic to the equator, and pro- 
duces the different changes of the seasons. This inclination is also variable, and, 
according to modern observations, decreases about a minute every century: the 
ecliptic therefore slowly approaches towaids the equator, or rather the equator towards 
the ecliptic ; and if this motion takes place with the same velocity, and in the same 
direction, the equator will coincide with the ecliptic in about 140,000 years ; and then 
a perpetual spring, as well as an equality of the days and nights, will prevail all over 
the earth. 

But it has been shewn by Laplace, that all variable planetary phenomena are periodi- 
cal, and restricted with respect to their amounts within certain and comparatively 
narrow limits ; one of which being attained, they recede again towards the opposite 
one ; but the times of periodical variation are many of them of great extent. 

V . — Of the Moon, 

Of all the celestial bodies which surround us, and by which we are illuminated, the 
most interesting, next to the sun, is the moon. Being the faithful companion of our 
globe during its immense revolution, she often supplies the place of the sun, and by 
her faint light consoles us for the loss we sustain when the rays of that luminary are 
withdrawn. It is the moon which raising, twice every day, the waters of the ocean, 
produces in them that reciprocal motion, known under the name of the flux and 
reflux ; a motion which is perhaps necessary in the economy of the globe. 

The mean distance of the moon from the earth is about 60| semi-diameters of the 
latter, or 240,000 miles. Her diameter is in proportion to that of the earth, as 20 to 
73, or nearly as to 3 to 11 ; so that her mass, or rather bulk, is to that of the earth, 
nearly as 1 to 48J. 

The moon is an opake body ; but we do not think it necessary to adduce here any 
proof of this assertion. She is not a polished body, like a mirror ; for if that were 
the case, it would scarcely transmit to us any light, as a convex mirror disperses the 
rays in such a manner that an eye, at any considerable distance, sees only one point 
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on the surface illuminated ; whereas the moon transmits to us from her whole disk a 
light sensibly uniform. 

To this we may add, that observation shews in the body of the moon asperities 
still greater, considering her magnitude, than those with which the earth is covered. 
If the moon indeed be attentively viewed, some days after her conjunction, the houu- 
dary of the shaded part will be seen as it were indented; which can arise only from 
the effect of its inequalities. Besides, at a little distance from that boundary, in the 
part not yet illuminated, there are observed luminous points, which, increasing gru> 
dually as the luminous part approaches them, arc at length confounded with it, and 
form the indentations above mentioned . in short, the shadows of those parts, when 
they are entirely illuminated, are seen to project themselves to a greater or less dis- 
tance, and to chamre their position, according as they are illuminated on the one side 
or the other, and in a direction more or bss oblique. It is in this manner that the 
summits of the mountains on our earth are illuminated, while the neighbouring 
valleys and plains are still in obscurity ; and that their shadows are projected to a 
greater oi less distance, on the right or the left, according to the elevation and posi- 
tion of the sun. Galileo, the author of this discovery, measured the height of one of 
these lunar mountains geometrically ; and found it to be about 3 leagues, which is 
nearly double the height of the most elevated peaks of the highest mountains known 
on the earth. But later astronomers, by more accurate measurements, have 
found that few of the lunar mountains rise abo\e a mile in height, and that the 
majority do not reach above half that height. 

The best time to observe the shadows is about half moon, w’hen the separation 
of light fiom the dark part is a straight line; the shadows are then seen of their 
full extent, not being foreshortened. 

We have already spoken of the names given by astronomers to those spots, and 
of their use in astronomy. We shall therefore not repeat them here, hut proceed to 
somethitig more interesting. On the surface of the moon there are spots of different 
kinds some luminous, and others in some measure obscure. It was long considered 
as fully established that the most luminous parts w^re land, and the obscure parts 
sea ; for it was said, as water absorbs a part of the light, it must transmit a weaker 
splendour than the land, which reflects it very strongly. But this reasoning is not 
well founded ; for if these spots, which arc obscure in regard to the rest of the 
moon, consisted of water, when illuminated ohliquely, as they are in respect to us 
during the first days after the conjunctioii, they ought to transmit to ns a very lively 
light ; as a mirror which seems black to those not placed in the point to which it 
reflects the solar rays, appears on the other hand exceedingly bright to an eye situ- 
ated in that point. 

Others have hence been induced to believe that these obscure parts are immense 
forests; and this indeed may be more probable We have no doubt that if the vast 
forests still in Europe, and those of America, were seen at a great distance, they 
would appear darker than the rest of the earth’s surface.* 

But is this observation sufficient to make us conclude that these spots are really 
forests? Wc do not think it is ; and the reasons are as follow : 

It is in a manner proved, that the moon has no atmosphere; for, if she had, it 
would produce the same effects as ours. A star, on the moon approaching it, would 
change its colour: and its rays, broken by that atmosphere, would give it a very 
irregular motion, even at a considerable distance from the moon. But nothing of this 
kind is observed. A star covered by the dark edge of the moon suddenly disappears, 

• About the eighth day of the mooses age, towards the npper part of the moon, and not far from 
the line which divides the light from the dark part, is seen a straight and deep excavation running 
through an extensive range M killii. If we were to meet with such an excavation on the globe we 
Sababit, we rixmld certainly consider it a monoment of ancient art. 
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without changing its colour, or experiencing any sensible refraction. Some astro- 
nomers indeed have imagined that they saw lightning in the moon, during total 
eclipses of the sun ; but this no doubt was an illusion, owing to their eyes being 
fatigued by looking too attentively at the sun. Besides, if there were clouds and 
vapours in the moon, they would sometimes be seen to conceal certain known parts 
of her surface ; as an observer placed in the moon would certainly see certain pretty 
large portions of the earth, such as whole provinces, concealed sometimes for days, 
and even weeks, by those clouds, which frequently cover them, during as long a 
period. M. de la Hire has shewn that an extent as large as Paiis would be percepti- 
ble to an observer in the moon, if viewed through a telescope which magnilied 
objects about 100 times. 

But if there be no dense atmosphere, no elevation of vapours, on the surface of the 
moon, it ’s difficult to conceive how there can be any kind of vegetation in it ; and 
if th is be *-.ie case, it can produce neither plants, trees, nor foiests, and conse- 
qucnily , 5 /» animals. It is therefore probable that the moon is not inhabited ; besides, 
if it wuie inlabited by animals nearly similar to man, or endowed with some kind 
of reason, it is lardly to be supposed that they would not make some changes in 
the surface of that globe. But since the invention of the telescope, to the present 
time, no alteration has been observed in its surface. 

The moon always presents to the earth very nearly the same face ; and therefore 
she must have a rotary motion about an axis, nearly perpendicular to the ecliptic, the 
duration of which forms the lunar month ; or in one of its hemispheres there must 
be some cause, which makes it incline towards the earth. The latter conjecture is 
more probable ; for why should this revolution of the moon around its axis be per- 
formed exactly in the peiiod of its rotation about the earth. However, as the moon 
always presents the same face to the earth, it thence follows, that her whole surface 
is illuminated by the sun, in the course of a lunar month ; the days therefore in the 
moon are equal to about 15 of ours, and the nights of the same duration. 

But if we suppose, notwithstanding what has been said, that there are inhabitants 
in the moon, they will enjoy a very singular spectacle: an observer placed towards 
the middle of the lunar disk, for example, will always see the earth motionless to- 
wards his zenith, or having only a motion of nutation, in consequence of reasons 
which we shall explain hereafter. In a word, each inhabitant of that hemisphere 
will always see the earth in the same point ot the horizon ; while the sun will appear 
to perform his revolution in a month. On the contrary, the inhabitants of the other 
hemisphere will never see the earth ; and if there are astronomers in it, some of them 
no doubt will undertake a voyage to the hemisphere which is turned towards us, for 
the purpose of observing this sort of motionless moon, suspended in the heavens like 
a lamp, and the more remarkable ns it must appear to the lunar inhabitants of a diameter 
four times as large as that of the moon appears to us ; with a great variety of spots 
performing their revolutions in the interval of 24 hours : for there can he no doubt 
that our earth, intersected by vast seas, large continents, and immense forests, such 
as those of America, must exhibit to the moon a disk variegated with a great many 
spots, more or less luminous. 

We have said that the moon always presents the same disk to the earth; but 
strictly speaking this is not exactly the case ; for it has been found that the moon 
has a certain motion, called libration, in consequence of which the parts nearest the 
edge alternately approach to or recede from that edge by a kind of vibration. Tw^o 
kinds of libration are in particular distinguished ; one called a libration in latitude, 
by which the parts near the austral or the boreal poles of the moon, seem to vibrate 
from north to south, and from south to north, through an arc which may comprehend 
about 5 degrees. This however is a mere optical effect, produced by the parallelism 
of the moon’s axis of rotation, which is inclined 2^ degrees to the ecliptic. 
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The other libration is that in longitude ; which takes place around the above axis, 
at an angle of nearly 7) degrees ; and as both are combined, it needs excite no wonder 
that this phenomenon should have long been an object of research to philosophers. 
However, it is evident that the inhabitants of the moon, if there really be any, who 
are situated near the edge of the disc turned towards the earth, must see our globe 
alternately rise and set, describing an arc of only a few degrees. 

The moon is a little depressed at the poles in consequence of her rotation, but 
because she presents always the same face to the earth she must be elongated in the 
direction of that axis which points towards the earth. According to the theory this 
excess ought to be about the 3000th part of the least axis. It is remarkable that the 
satellites of Jupiter also present always the same face to the planet, and there can be 
no doubt that it is a general consequence of the combined laws of gravitation and 
revolution. 

The planes of the earth’s equator and the moon’s orbit, and the plane drawn 
through the moon’s centre parallel to the ecliptic, have always very nearly the same 
intersection. 


VI.— O/ iMars. 

Mars, which may be easily distingui'^hod by its reddish «;plendo!ir, is the fourth in 
the order of the primary planets. Itb orbit incloses that of Mercuiy, Venus, and the 
earth; consequently the motions of these planets must exhibit to the inhubituntb of 
Mors the same phenomena, as are presented by Mercury and \'cnub to the ini* ’ 
of our globe. 

The revolution of Mars around the sun is performed in 686 days 2^1 hour^ 30 minutcb, 
or nearly two > ears. Its mean distance from the sun is more than 1^ that of the 
earth, or about 144 millions of miles. 

Spots arc observed sometimes on the disc of Mars, by which it is pr()>ed that it 
revolves on an axis almost perpendicular to its orbit; and that this revolution is 
jmpleted in 24 hours 39 minutes. The days therefore, to the inhabitants of Mars, 
if there are any, must be nearly equal to ours; and thedajs and nights in this planet 
must be of the same length, since its equator coincides with its orbit. 

Mars has .. very dense atmosphere, and when cither of the poles emerges from dark- 
ness into the rajs of the sun, it is found to be decidedly brighter than the other parts 
of the surface; and the extent of the bright spot gradually becomes Icha during 
the time that the pole icmains in the light. This appeal ance has been conceived to 
be caused by snow deposited during the polar winter, and the gradual melting of it 
during the summer. The diameter oi Mars is about 4100 miles. 

VII . — Of Jupiter. 

The next planet to Mars, of the ancient ones, is Jupiter. Its distance from the 
sun is above 5 times that of the earth, being 490 millions of miles. The period of its 
revolution around the sun is 11 years 317 days 12 hours 20 minutes. Its diameter, 
compared with that of the earth, is as 11 to 1 ; so that its bulk is 1331 times as great 
as that of our globe. 

This bulk does not prevent Jupiter from revolving around his axis with much 
more rapidity than our earth. The spots observed on the disc of this planet have 
indeed shewn that this revolution is performed in 9h. 56m. ; so that it is more than 
twice as quick, and as any point in the equator of Jupiter is eleven times ns fur dis- 
tant from the axis as a point of the earth’s equator is from the terrestrial axis, it thence 
follows that this point in Jupiter moves with a velocity about tw’cnty-fuur times ns 
great. 

It has therefore been observed that the body of Jupiter is not perfectly spherical : 
it is an oblate spheroid, flattened at the poles, and the diameter of its equator is to 
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that passing from the one pole to the other, according to the latest observations 
made with the most perfect instruments, as 14 to 13. 

On the four new Planets, commonly, from their smallness, called Astroids. 

These planets Ceres, Pallas, Juno, and Vesta, are situated between the orbits 
ot Mars and Jupiter, and are neaily at the same distance flora the sun. 

Ceres was discovered by Piazzi, on January 1, 1801. It is of a ruddy though not 
very deep colour, and, being surrounded by an extensive and dense atmosphere, it 
cxhi>‘‘ '* distinct disc when viewed with a magnifying power of 200. Like the 
atraospheit if the earth, that of Ceres is very dense near the planet, and becomes rarer 
at a greater distance. As this planet approaches the eaith its apparent size increases 
much more rapidly than it ought to do from the diminution of the distance; an effect 
which, Schroeter observes, arises from the finer exterior strata becoming visible as it 
approaches. 

It performs its revolution round the sun in about four years seven months and ten 
days. Its mean distance from the sun is about 2‘Gf)9 times that of the earth ; and 
its diameter has been variously estimated at from 1G3 to 1()30 miles. 

Pallas w'as discovered March 28th, 1802, by Dr. Olben, of Ilremen. It is 
nearly of the same apparent magnitude as Ceres, but of a less ruddy colour It is 
surrounded with a nebulosity, but of less extent than that of Ceres. But Pallas is 
distinguished from all other planets liy the great inclination of its orbit to the plane 
of the ecliptic. While the other planets revolve in orbits which are nearly circular, 
and deviating onl) a few degrees fiom the plane of the ecliptic, that of Pallas is 
inclined to this plane about 35 degrees ; and while the mean distance of this planet from 
the sun is nearly the same as that of Ceres, from the gieafer eccentricity ot the orbit 
of Pallas, the orbits of these tw'o planets intersect each otherr a phenomenon quite 
anomalous in the solar system. The diameter of this planet, like that of Ceres, has 
not been satisfactorily determined: it has been estimated at from 80 to upwaids of 
2(X)0 miles. 

Juno was discovered by Mr. Harding, at Lilienthal, on September 1st, 1804. It 
i« of a reddish colour, and is free fiom the nebulosity which sunoiinds Ceres and 
l^^llas. It is probably the smallest of the new planets ; but it is distinguished by the 
great eccentricity of its orbit, its gieatest d'stance from the sun being double its least 
distance. Its timelof revolution is about 4 years and 123 days ; and its mean apparent 
diameter, as seen from the earth, is, according to Schroeter, 3 057/' 

Vesta — From the legularity observed in the distancts of the old planets from the 
sun, some astronomers supposed that a planet existed between the oibits of Mars and 
Jupiter. The discovery of Ceres seemed to confirm this conjecture, which, 
however, was overturned by the discoveiy of Pallas and Juno. Dr. Olben, how- 
ever, imagined that these small celestial bodies might be the fragments ot a large 
planet, which had been burst by some internal convulsion, and that several 
more might be discovered between the orbits of Mars and Jupiter. And he 
conceived that if they originated in this manner, though their orbits might be 
differently inclined to the ecliptic, yet as they must all have diverged from the same 
point, they must have tw’o common points of reunion in opposite regions of the 
heavens. These nodes he found, from observation on the planets that had been 
discovered, to be in Virgo and the Whale. With the hope therefore of detecting 
other fragments of the supposed planet. Dr. Olben examined tbnee every year all the 
little stars in these two opposite constellations, and he di^cove^ed Juno in the Whale; 
and on March 29th, 1807, he discovered Vesta in Virgo. 

The appearance of this planet is similar to that of a star of the 5th or 6th mag» 
nitude, and it may be seen on a clear night by the naked eye. It is not surrounued 
by any nebulosity ; and, with a power of 63G, Dr. Herschel saw no appearance of r 
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planetary dUc. Its orbit intersects that of Pallas, but not in the same place where 
it is cut by Ceres. Its time of revolution is about 3 years and 66 days. 

Sir David Brewster has some ingenious speculations on the origin of these small 
planets, and he is decidedly of opinion that the phenomena which they exhibit lead 
to the conclusion that they are the dispersed fragments of a single planet. See his 
edition of Ferguson’s Astronomy, and the article Astronomy in the Edinburgh £n. 
cyclopoedia. 

The axis of Jupiter is almost perpendicular to the plane of its orbit ; for its 
inclination is only 3 degrees : the days and nights therefore in this planet must be 
nearly equal at all seasons. 

The surface of Jupiter is for the most part interspersed with spots, in the form of 
bands ; some of them obscure, and others luminous ; at certain periods they are 
scarcely visible ; nor are uniformly marked throughout their whole extent ; so that 
they are, as it were, interrupted : their number also varies, and they can be very well 
seen by the assistance of a telescope magnifying 50 times, but best when Jupiter is 
at his least distance from the earth. The year 1773 was exceedingly favourable for 
these observations ; because Jupiter was then as near to the orbit of the eartlias possible. 

The distance of Jupiter from the sun being above 5 times that of the earth, it is 
evident that the sun’s diameter must appear five times less, or about G minutes 
only; consequently the splendour of the sun at Jupiter will be 25 times less than 
it is to the earth. But a light 25 times less than that of the sun is still pretty strong, 
and more than sufficient to produce a very clear day : the inhabitants therefore of 
Jupiter, for it is probable that there are some in this planet, will have no great cause 
to complain. 

But if they are treated less favourably in this respect than the inhabitants of the 
earth, they possess Advantages in others ; for while the earth lias only one moon, 
to make up for the absence of the sun, Jupiter has four. These moons, or satellites, 
were first discovered by Galileo; and they enabled him to reply to those who 
objected, in opposition to the earth’s motion, the impossibility of conceiving how 
the moon could accompany the earth during its revolution ; Galileo’s discovery 
reduced them to silence. 

The satellites of Jupiter revolve around him in the periods, and at the distances 
indicated in the following table. 


Order of the 
haiellites. 

D'Bt.iii Remi diame- 
Uth of Jupiter. 

Penudical Tiiueu. ] 

I. 

6*048 

D. II. M. 

1 18 28 

II. 

9 623 

3 13 14 

III. 

15 350 

7 3 43 

IV. 

27998 

16 16 32 

1 


The inhabitants of Jupiter then, in this respect, enjoy much greater advantages 
than those of the earth ; foi having four moons, some of them must be always above 
the horizon which is not illuminated by the sun ; they will even sometimes see the 
whole four, one as a crescent, another full, and a third half full ; they will see them 
eclipsed, as we see the moon deprived of her light from time to time, when she enters 
the shadow projected by the earth, but with this difference, that, being much nearer 
to Jupiter, considering his bulk, they cannot pass behind him, in regard to the sun, 
without suffering an eclipse. 

When the brilliancy of the satellites of Jupiter is examined at different times, 
it is found to undergo considerable change. By comparing the mutual positions of 
the satellites with the times when they attain the maximums of light, Sir Wm. 
Herschel concluded, that, like our moon they all turned round their axes in the same 
time that thev oerformed their revolution round Jupiter. 
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From the theory of reciprocal attraction. La Place discovered two remarkable 
theorems concerning the motions of these satellites. 

First, The mean motion of the first satellite added to twice the mean motion of 
the third, is rigorously equal to thrice the mean motion of the second satellite. 

Second, The mean longitude of the first satellite minus three times that of the 
second, plus twice that of the third, is exactly equal to a semi^circle or 180 degrees. 

By following out these laws, we find, 1st. When the second and third satellites of 
Jupiter are simultaneously eclipsed, the first is always in conjunction vrith Jupiter. 
2d. When the first and third satellites are simultaneously eclipsed, the difference 
between either of their longitudes and that of the second is 60®. 3d. When the 
first and second are simultaneously eclipsed, the difference between either of their 
longitudes and that of the third is 90^. 

It is obvious from these results, that a wonderful provision is made in the system 
of Jupiter to secure to the planet the benefit of his satellites ; for itU impossible for 
the planet to be deprived of the light of all the satellites at the same time. 

Astronomers, however, not contented with establishing the existence of these 
moons attached to Jupiter, have done more ; for they have calculated their eclipses 
with as much correctness, at least, as those of our moon. The Nautical Almanac, 
and other astronomical Ephemerides, exhibit for each day of the month, the aspects 
of the satellites of Jupiter, and announce the hour, minute, and second at W'hich 
their eclipses will commence, and whether they will be visible or not on the horizon 
of the place ; they give also the time when any of these satellites will be hid behind 
the disc of Jupiter, or disappear by passing before it. These predictions are not 
matters of mere curiosity, since they are of great utility in determining the longitude. 

VIII.— O/ Saturn, 

Saturn, which is still farther from the sun than Jupiter, exhibits a most singular 
spectacle, on account of his seven moons, and the ring by which he is surrounded. 
He performs his cevolution around the sun in 29 years 174 days 6 hours 36 minutes; 
and his mean distance from that luminaiy is about 9^ times as great as that of the 
earth, or 900 millions of miles. 

At such an immense distance the apparent diameter of the sun, to a spectator in 
Saturn, is no more .than of what is to us ; and its light as well as heat must be 
90 times less. An inhabitant of Saturn transported to Lapland, or even to the polar 
regions, covered with perpetual ice, would experience there an insupportable heat; 
and would no doubt perish sooner thaa a man immersed in boiling water; while an 
inhabitant of Mercury would freeze in the most scorching climates of our torrid zone. 

By noticing carefully the changes of certain dark spots on the disc of Saturn, Sir 
Wm. Herschel found that he revolved on his axis in lOh. IGiu., and that the axis of 
rotation Is perpendicular to the plane of the ring. 

Nature seems to have been desirous to indemnify Saturn for his great distance from 
the sun, by giving him seven moons, which are called his satellites. Their distances 
from the centre of Saturn, in semi-diameters of that planet, and the periods of their 
revolution, are as expressed in the following table. 


Satellites. 

Distances. 

Heviilations. 



D. 

H. 

H. 

I. 

5-284 

1 

21 

18 

II. 

6-819 

2 

17 

41 

III. 

9'524 

4 

12 

25 

IV. 

22-081 

15 

22 

41 

V. 

64*359 

79 

7 

48 

VI. 

4-300 

1 

8 

53 

VII. 

3-361 

0 

22 

40 
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Of these satellites, five were discovered by Cassini and Huygens, before tbe year 
1685; and it was imagined there were no more, till two were discovered by Dr. 
Herscbel in 1787 and 1788. These are nearer to Saturn than any of the other five ; 
but to prevent confusion in the numbers, with regard to former observations, they 
are called the 6th and 7th satellites. 

The inclination of the first four satellites to the ecliptic, is from 30 to 31 degrees. 
The fifth describes an orbit inclined in an angle of flora 17 to 18 degrees to the 
orbit of Saturn. Dr. ITerschel obnerves that this satellite turns once round its 
axis exactly in tbe time in which it revolves about Saturn ; and in this respect it 
resembles our moon. 

We shall not herj enlarge on tbe advantages which this planet must derive from 
so many moons; what we have said in regard to Jupiter is applicable in a greater de- 
gree to Saturn also. 

But something still more singular than these seven moons, i« the ring by which 
Saturn is surrounded. Let the reader conceive a globe placed in the middle of a flat 
thin circular body, with a concentric vacuity: and that the eye is placed at the ex- 
tremity of a line oblique to the plane of this circular ring. Such is the aspect ex- 
hibited by Saturn, when viewed through an excellent telescope; and such is the 
position of a spectator on the earth. The diameter of Saturn is to that of ti - 
vacuity of the ring, as 3 to 5; and the hre.idth of the ring is nearly equal to the 
interval between the ring and Saturn. It is fully proved that (his interval it a va- 
cuity; for a fixed star has been seen hetw<*cn the ring and the body of the planet; 
this ring therefore maintains itself around Saturn as a bridge would do conceiitiie to 
the earth, and having every where a uniform gravity. 

What is called /Ae ring of Saturn certainly consists of at least two rings, concentric 
with the planet and each other, both Ivir g in one plane, and sejiarated from each 
other by a very narrow interval. It has been surmised by sonic observers tbat tbe 
outer ring consists of several narrow ones. In the fourth volume of the Meinoiis 
of the Royal Astronomical Society, there is a very interesting account by Captain 
Katcr, of some observations which he and some other persons made on the ring; and 
the conclusion which all the observers came to was, that the outer ring was certainly 
composed of several separate ones. 

Any tolerable telescope will shew the division of the ring which divides the outer 
from the inner part ; and Professor Struve has given the following dimensions of the 
planet and the rings from micrometrical inei‘‘urement8 with the magnificent Fraun- 
hofer achromatic telescope, at the Dorpat ob^ei vatory. 


jM ilfS. 

Exterior diameter of exterior ring 17(>418 

Interior ditto ditto 15.5272 

Exterior ditto interior ditto loKJfW) 

Interior ditto ditto 117.339 

Equatorial diameter of the planet 791(10 

Interval between the planet and interior ring 19090 

Interval between the rings 1791 

Thickness of the ring, not exceeding 100 


(See 'Mem. Astrun. Soc , vol. 3.) 

Tbat the ring is an opake substance is shewn by its casting a deep shadow on the 
body of the planet, on the side next tbe sun ; and receiving the shadow of the planet 
on the other side. The time of revolution has been found to be 10b. 29m. 178. 

Recent micrometrical measurements seem to indicate that tbe rings, though nearly, 
are not accurately^ concentric with the planet. And it has been stated that this want 
of perfect concentricity is essential to the stability of the system of which the rings 
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form 80 conspicuous a part. Sir J. Herschcl, in his Astronomy, has the following 
striking remarks on the phenomena of Satnrn : 

** The rings of Saturn must present a magnificent spectacle from those regions 
of the planet which lie above their enlightened sides, as vast arches spanning the sky 
from horizon to horizon, and holding an invariable situation among the stars. On 
the other hand, in the regions beneath the dark side, a solar eclipse of 15 years' dura- 
tion roust afford (to our ideas) an inhospitable asylum to animated beings, ill com* 
peiHuted by the faint light of the satellites. But we shall do wrong to judge of the 
fitness or unfitness of their condition from what we see around us, when perhaps 
the very combinations which convey to our minds images of horror, may be in reality 
theatres of the most striking and glorious displays of beneficent contrivance.*' 

This body, of a conformation so singular, is alternately illuminated on each side 
by the sun; for it makes, with the plane of Saturn’s orbit, an invariable angle of 
about 31" 2(f ; always remaining parallel to itself; in consequence of which it pre- 
sents to the sun, sometimes the one face, and sometimes the opposite one; the inha- 
bitants, therefore, of tlie two hemispheres of Saturn enjoy the benefit of it alter- 
nately. 

Saturn is seen sometimes from the earth without his ring ; but this phenomenon 
may be easily explained. 

Saturn’s ring may disappear in consequence of three causes. Ist. It disappears 
when the continuation of its plane passes through the earth and the sun ; for in that 
cjise its surface is in the shade, or too weakly illuminated by the sun to be visible at 
so great a di'>tjine(* ; and its edge is too thin, even though illuminated, to be seen 
from the earth This phenomenon is observed when Saturn’s place is about 19® 45' 
ot Virgo and Pisces. 

‘id. The ring of Saturn must disappear also, when the continuation of its plane 
passes between the enrlli and the sun; for the flat part of the ring, which is then 
turned towards the earth, is not that illuminated by the sun. It cannot therefore 
be seen from the eirth; but its shadow may be seen projected on the disk of 
Saturn. 

The nature of this 'lingular ring affords much matter for conjecture. Some have 
supposed tliat it may be a multitude of moons, all circulating so near each other, that 
the distance between them ia not perceptible from the earth, which gives them the 
appeainnce of one- eontimied bod\. But this is very irnpiobable. 

Others have imagined that it is the tail of a comet, which, passing very near 
Saturn, has been stofiped by it. But such an arrangement of a circulating fluid 
would be something very extraoi dinary. In our opinion, while we admire this work 
of the sovereign Artist, the Creator of the universe, we must suspend our conjec- 
tures respecting the nature of it, till a fiirtlier improvement in telescopes shall enable 
us to obtain new facts to support them. 

The difetance of Saturn fiom the sun is so great, that, if it be inhabited by intelli- 
gent beings, it is very doubtful whether they have any knowledge of our existence, 
and much less of that of Mercury and Venus; for in regard to them. Mercury will 
never be fartliei from the sun than 2"’ 25', Venus than 4" 15', and the Earth than 6®; 
Mars will be distant from the sun only about 9®, and Jupiter 28® W; it will there- 
fore be much more difficult for the Saturniuns to see the first three or four of these 
planets, than it is for us to observe Mercury ; which can scarcely ever be seen, at it 
is almost always concealed among the rays of the sun. 

It is however true that the light of the sun is, on the other hand, very weak ; and 
that the constitution of Saturn’s alinosphere, if it has one, may be of such a tiature» 
that these planets are visible as soon as the sun has set. 
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IX . — Of the Georgian Planet. 

It ww long supposed that Saturn was the remotest planet hi our system ; but 
from inequalities in the motions of Jupiter and Saturn, astronomers at length 
hegm to suspect that another more distant planet existed ; and this conjecture was 
eonfirmed in 1781, when Dr. Herschel discovered a new. planet, which he called the 
Oeorgium Sidus, in honour of the then reigning king of England, George 111. The 
Erench call it Herschel. in honour of the discoverer ; and Professor Bode, of Berlin, 
gave it the name of Uranus, who was the father of Saturn, as Saturn was of Jupiter. 
An interesting history of the discovery was presented to the Academy of Sciences 
at Brussels, in hlay 1785, by Baron von Zach of Gotha, and is inserted in the first 
volume of the Memoirs of that Academy. 

The distance of this planet from the sun is immense ; being about 1800 millions 
of miles, which is double that of Saturn. It performs its annual revolution in 83 
years 150 days and 18 hours of our time ; and its motion in its orbit must conse- 
quently be above 7000 miles an hour. To a good eye, unassisted by a telescope, it 
appears like a faint star of the fifth magnitude ; and it cannot readily be distinguished 
from a fixed star with a less magnifying power than 200. Its apparent diameter, to 
an observer on the earth, subtends an angle of no more than 4 seconds ; but its real 
diameter is about 35000 miles, and therefore it must be about 80 times as big as the 
earth. Hence we may infer, as the earth cannot be seen under an angle of quite a 
second by the inhabitants of the Georgian planet, that it has never yet been disco- 
vered by them, unless their eyes and instruments are considerably better than ours. 
Tbe orbit of this planet is inclined to the ecliptic at an angle of 46 minutes 26 se- 
conds ; but as no spots have been discovered on its surface, tbe position of its axis, 
and the length of its day and night, are not known. 

On account of the immense distance of the Georgian planet from the sun, it was 
highly probable that it was accompanied with several satellites or moons; and the 
high powers of Dr. Herschel’s telescopes indeed enabled him to discover six , but 
there may be some others which he has not yet seen. The first and nearest the 
planet, revolves at tbe distance from it of 12^ of its semi-diameters ; and performs 
its revolution in 5 days 21 hours 25 minutes; the second revolves at the distance 
from the primary of 10} of its semi-diameters, and completes its revolution in 18 
days 17 hours 1 minute: the third, at the distance of 19 semi-diameters, in 10 days 
23 hours 4 minutes; the fourth, at 22 semi-diameters, in 13 days 11 hours 5 mi- 
nutes; the fifth, at 44 sciiii-diaineters.in 38 day^ 1 hour 49 minutes; and the sixth, 
at 88 semi-diameters, in 107 days 16 hours 40 minutes. It is remarkable that the 
orbits of these satellites are almost all at right angles, to the plane of tbe ecliptic ; 
and that the motion of every one of them, in their own orbits, is retrograde, or con- 
trary to that of all the other known planets. 

X. — Of Cornett, 

Comets are not now considered, as they were formcily, to be signs of celestial 
vengeance ; the forerunners of war, famine, or pestilence. Mankind in those ages 
must have been exceedingly credulous to imagine that scourges confined to a very 
small portion of the globe, which itself is but a point in tbe universe, should be an- 
nounced by a derangement of the natural and immutable order of the heavens. Nei- 
ther are comets, as supposed by the greater part of the ancient philosophers, and 
those who trod in their footsteps, meteors accumulated in the middle of the air. 
Astronomical observations made at the same time, in different parts of the earth, 
have shewn that they are always at a distance much greater than that even of the 
moon ; and consequently that they have nothing in common with the meteors formed 
in our atmosphere. 
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Tbe opinions entertained by some ancient philosophers, such as Apollonius the 
Myndian, and particularly Seneca, have been since confirmed. Accor^ng to these 
philosophers, comets are as old and as durable as the plmiets themselves ; their revo- 
lutions are regulated in the same manner ; and if they are seldom seci^ it is because 
they perform their course in such a manner, that in a part of their orbits they are so 
far distant from the earth as to become invisible } so that they never appear but when 
in the lower part of them. 

Newton and Halley, who pursued the same path, have proved by the ob^vations 
of different comets, which appeared in their time, that they describe elliptical orbits 
around the sun, which is placed in one of the foci ; and that the only differeitoe be- 
tween these orbits and those of the planets is, that the orbits of the latter are nevly 
circular, whereas those of comets are very much elongated ; in consequence of which, 
during a part of their course, they approach near enough to our earth to become 
visible ; but during the rest they recede so far from us, as to be lost in the immensity 
of space. These two philosophers have taught us also, by the help of a small num- 
ber of observations, made in regard to the motion of a comet, how to determine the 
distance at which it has passed, or will pass, the sun ; as well as the period when it 
is at its least distance, and its place in the heavens for any given time. Calculations 
made according to these principles agree in a surprising manner with observa- 
tions. 

The modem philosophers have even done more : they have determined the perioda 
of the return of some of these comets. The celebiated Dr. Halley, considering 
that comets, if they move ‘n ellipses, ought to have periodical revolutions, because 
these curves return into themselves, examined with great care the observations 
of three comets, which appeared in 15.31 and 1532, 1607, and 1682; and having cal- 
culated the position and dimensions of their mbits, found them to be nearly the 
same, and consequently that these comets were only one, the revolution of which 
was completed in about 75 years; he therefore ventured to predict that this comet 
would re-appear in 1758 or 1759 at latest. It is well known that this prediction was 
verified at the time announced ; hence it is certain that this comet has a periodical 
revolution around the sun, in 75 years and a half.* According to the dimensions 
of its orbit, determined by observations, its least distance from the sun is of the 
ftcmi-diameter of the earth’s orbit ; it afterwards recedes to a distance which is equal 
to 35^ of these semi-diameters ; so that its greatest elongation from the sun is about 
four times as great as that of Saturn. The inclination of its orbit to the ecliptic, is 
17** 4(y, in a line proceeding from 23"' 45' of Taurus to 23® 45' of Scorpio. 

There are still two comets, the return of which is expected with some sort 
of foundation: viz., that of 1556, expected in 1848; and that of 1680 and 1681, 
which it is supposed, though with less confidence, will re-appear about 2256. The 
latter, by the circumstances which attended its apparition, seems to be the same as 
that seen, according to history, 44 years before the Christian sera, also in 531, 
and in 1 106; for between all these periods there is an interval of 575 years. There 
is reason therefore to suppose that this comet has an orbit exceedingly elongated, and 
that it recedes from the sun about 135 times the distance of the earth. 

What is very remarkable also in this comet is, that in the lower part of its orbit 
it passed very near the sun ; that is, at a distance from its surface which scarcely 
exceeded a sixth part of the solar diameter; hence Newton concludes, that at the 
time of its passage it was exposed to a heat 2000 times greater than that of red-hot 

* Its re-appi'aranoe in 1835, in (he very place in which obaerveni had been instructed to look for 
it, 18 otto of ttie gieateat tnumphs ot modern science. A veiy interesting senes of observations on 

tills comet were iiutde nt the Cspe ot Good Hope, by Sir J. Herschel, and Mr. Maciear, in 188e. 
There is a very elaborate paper uu this comet publbhed as a supplement to the Nautical Almanac 
fur 1889. 
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iron. This boily therefore must bo exct’eilinj^ly compact, to be aMc to resist so pro- 
digious a beat, which there is reason to think would volatilize all the ti'rrestrml 
bodies with which we are acquainted. 

Within these few years two small comets have been disco ver((l, which revolve 
round the sun in comparatively short periods. The first, w'hich is called Encke’s 
comet (from the name of the astronomer who first predicted its rt (urn), completes 
its revolution in about 3 years and 4 months. The second, called Bit* la’s comet, which 
was first observed by an Austrian officer whese name was Biela, revolves in about 6 
years and 8 months. Both these comets have been repeatedly observed ; they have 
no tails ; and Biela’s is so transparent that Sir J. Herschel saw some small stars 
through the centre of it It appears indeed to consist of extremely attenuated 
vapour : and it is wonderful that a thing so light should continue its course through 
the regions of space, obeying, with the most exact regularity, the laws of gravi- 
tation. 

At present there are more than 100 comets, the orbits of which have been calcu- 
lated ; so that their position, and the least distance at which they roust pass the sun, 
are known. When a new comet therefore shall appear, and describe the same, of 
nearly the same path, we may be assured that it is a comet which has appeared 
before: we shall then know the period of it revolution, and the extent of its axis, 
which will determine the orhit entirely : in short we shall be enabled to calculate 
the times of its leturn, and other circumstances of its motion, in the same manner 
as those of the other planets. 

Comets have this in particular, that they are oBcn accompanied by a train or tail. 
These tails or tiains are trai><<parcnt, and of greater or less extent ; some have been 
seen which were 45, 50, 60, and even l(X) degrees in length, as was the rase with 
those of the comets which appe.ired in 1618 and I68(). Sometimes however the tail 
consists merely of a sort ot luminous nebula, of very little extent, which surrounds 
the comet in the form of a ring, as was observed in the cornel of 158.5 : it treqnently 
happens that these tails cannot he seen unlc-s the heavens he exeeedingl} seieiie, and 
free from vapours. The celebrated comet, which returned about the end of the year 
1758, seemed at Paris to have a tail scarcelj 4 degrees in length; whereas some ob- 
servers at Montpelier found it to be 2.5* ; and it appeared still longer to others 
at the Isle of Bourbon.* 

In regard to the cause which produces the tails of comets, there are only two opi- 
nions which seem to be foui ded on probabiliU. According to Newton, they are 
vapours raised by the heat of the sun, wdicn the comet descends into the inferior 
regions of our system. It is therefore observed that the tail of a comet is longest 
when it has passed its perihelion ; and it always appears longer the nearer it approaches 
to the sun. But this opinion is attended with considerable difficulties. According 
to M. du Mairaii, these tails are a train of the zodiacal light, w'ith w'hich comets 
become charged in passing between the earth and the siin. It is remarked that 
comets which do not reach the earths orbit, have no sensible tail ; or are at most 
surrounded by a ring. Of this kind was the comet of 1585, which passed the sun at 
a distance ^ greater than that of the earth ; the comet of 1718, which passed at a dis- 
tance almost equal to that of 17*29, that is, at a distance nearly quadruple ; and that 
of 1747, which passed at a distance more than double. It is indeed true, that the 
comet of 1664, which passed at a greater distance from the sun than that of the earth, 
appeared with a tail, but it was of a moderate size ; and as the distance of its peri- 
helion was very little more than that of the earth from the sun, and as the solar 

• Th»* tail of Halk'y*s comet undrrwent some remarkable rhancea during the appcaraDce of the 
comet in 1805—0. A beauciful set uf aruwiuKS, by Mr. R. of the appearance of the tail at 

the Gape of G«hkI Hope, have been eti^iuveO and publiKbed in vol. 10, Mem. Ro^ul Ast. .Sia:. 
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atmosphere extends sometimes beyond the earth^s orbit, no objection of any great 
weight (*uii thence be made, in opposition to the opinion of M. de Mairan. 

We shall remark, in the last place, that while the other planets perforin their revo- 
lutions in orbits very little inclined to the ecliptic, and proceed in the same direction, 
comets on the other hand move in orbits, the inclination of which to the ecliptic 
amounts even to a right angle. Besides, some move according to the order of the 
signs, and are called direct ; others move in a contrary direction, and are called retro- 
grade. These motions being combined wdtb that of the earth, give them an appear- 
ance of irregularity, which may serve to excuse the ancients for having been in an 
error respecting the nature of these bodies. 

It has been already said that there are some comets which pass very near the 
earth ; and hence a catastrophe fatal to our globe might some day take place, had not 
the Deity, by particular circumstances, provided against any accident of the kind. 

A comet, indeed, like that of 1744. which passed at a distance from the sun only 
greater by about a 50tb than the radius of the earth's orbit, should it experience any 
derangement in its course, might fall against the earth or the moon, and perhaps carry 
away from us the latter. As a multitude of comets descend into the lower regions 
of our system, some of them, in their course towards the sun, might pass so near the 
orbit of our earth, as to threaten us with a similar misfortune. But the inclination of 
the orbits of comets to the ecliptic, which is exceedingly varied, seems to have been 
established by the Deity to prevent that effect. It would be a curious calculation to 
determine the least distances at which some of these comets pass the eaiih; we 
should by these means be enabled to know those from which we have any thing to 
apprehend : that is, if it could be of any utility to be acquainted with the period of 
hiK'h a catastrophe ; for ^^hele is the advantage of foreknowing a danger which can 
neither be retarded nor prevented? 

It would seem however, from the extreme tenuity of the matter of which comets 
are generally formed, that except from actual contact, the more weighty bodies of the 
system have little to apprehend from them. One comet passed near if not among 
the satellites of Jupiter ; and the orbit of the comet was altogether deranged by the 
attraction of the planet, but the motions of the satellites were not found to be 
affected in the slightest degree. 

An English astronomer, >\bo possessed more imagination and learning than sound- 
ness of judgment, the clebrated Whiston, entertained an opinion that the deluge was 
occasioned by thp earth’s meeting with the tail of a comet, which fell down upon it 
in tlie form of vapours and rain : he advanced also a conjecture, that the general con- 
flagration, which according to the sacred Scriptures is to precede the final judgment, 
will be occasioned by a comet like that of 1081 ; which returning from the sun, with 
a heat two or three thousand times greater than of red-hot iron, will approach so 
near the earth as to bum even its interior parts. Such assertions are bold; but they 
rest on a very weak foundation ; and in regard to a general deluge, occasioned by the 
tail of a comet, we need be under very little apprehension on that bead ; for if we 
consider the extreme tenuity of the ether in which the comets float, it may be readily 
conceived that the whole tail of a comet, even if condensed, could not produce a 
quantity of water sufficient for the effect ascribed to it by Whiston. 

Cassini thought he observed that comets pursue their course in a kind of Zodiac# 
which he even denoted by the following verses : — 

Antinoiw, Pe^'usuHque, Andromeda, Taurus, Orion, 

Piocyon, atque Hydrus, Ceutaurosi Scorpio, Arcus. 

But the observations of a great number of comets have shewn that this supposed 
Zodiac of comets has no reality. 
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XI.— Cy the Fixed Stare, 

As it now remains for us to speak of the fixed stars, we shall here collect every 
thing most curious in the modern astronomy on this subject. 

The fixed stars may be easily distinguished from the planets. The former, at least 
in our climates, and when they are of a certain magnitude, have a splendour accom- 
panied with a twinkling called scintillation. But one thing by which they are parti- 
cularly distinguished is, that they do not change their place in regard to each other, 
at least in a sensible manner : they are therefore a kind of fixed points in the heavens, 
to which astronomers have always referred the positions of the moving bodies, such 
as the moon, the planets, and the comets. 

We have said that the fixed stars in our climates exhibit a sort of twinkling. This 
phenomenon seems to depend on the atmosphere ; for we are assured that in certain 
parts of Asia, where the air is exceedingly pure and dry, as at Bender-Abassi, the 
stars have a light absolutely fixed ; and that the scintillation is never observed, except 
when the air is charged with moisture, as is the case in winter. This observation of 
M. Garcin, which w’as published in the History of the Academy of Sciences for 1743, 
deserves to be farther examined. 

The distance between the fixed stars and the earth, is so immense, that the diame- 
ter of the earth’s orbit, which is 190 millions of miles, is in comparison of it only a 
point ; for in whatever i)art of its orbit the earth may be, the observations of the 
same star shew no difierence in its aspect ; so that it has no sensible annual parallax. 
Some astronomers however assert that they discovered, in certain fixed stars, an 
annual parallax of a few seconds. Cassini, in a memoir on this parallax, says he 
observed in Arcturus an annual parallax of seven seconds, and in the star called 
Capella one of eight.* This would make the distance of the sun from the former 
of these stars equal to about 20250 times the radius of the earth’s orbit, whieli, 
being 95 millions of miles, would give for that distance 19*2.37500000000 miles. Be- 
tween the fixed stars and the Georgian planet, which is the most distant of our 
system, there would therefore remain a space equal to more than 10000 times the 
distance of that planet from the sun. 

Placed at such an ilTlmen^e distance from us, what can the fixed stars be but im- 
mense bodies, which shine fjy their own light ; in short, suns, similar to that which 
affords us heat, and around which our earth performs its revolutions ? It is very 
probable also that these suns, uccumuluted as we may say on each other, have the same 
destination as ours ; and are the centres of so many planetary systems, which they 
vivify and illumine. It w'ould however be ridiculous to form conjectures respect- 
ing the nature of the beings by which these distant bodies are peopled ; but of 
whatever kind they may be, who can believe that our earth, or our system, is the 
only one inhabited by beings capable of enjoying the pleasure which arises from the 
contemplation of such noble works ? Who can believe that an immense whole, a 
creation almost without bounds, should have been formed for an imperceptible point, 
a quantity infinitely small ? 

The apparent diameter of the fixed stars is in no manner magnified by the best 
telescopes ; on the contrary, these instruments, while they increase their splendour, 
seem to diminish their magnitude so much, that they appear only as luminous points ; 
but they shew in the heavens a multitude of other stars, which cannot be observed 
without tbeir assistance. Galileo, by means of bis telescope, which was far inferior 
to those now employed, counted in the Pleiades 36 stars, invisible to the naked 
eye; in the sword and belt of Orion 60; in the nebula of Orion’s head 21, and in 

* It msy he rafely afAtnird that this estimate (for it can tinve Wen nothing more) of Cuminia hi 
greatly in excem. it is doubtful whether the parallax of any fixed star amouuta to 1^. 
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that of Cancer 36. Father de Rheita says >e counted 2000 in Orion, and 188 in 
the Pleiades. In that part of the Austral hemisphere, comprehended between the pole 
and the tropic, the Abbe de la Caille observed more than 6000 of the 7th magni- 
tude, that is to say perceptible with a good telescope, of a foot in length j a longer 
telescope shews others apparently more distant, so in progression perhaps without 
end. What immensity in the works of the Creator 1 And bow much reason to 
exclaim with the Psalmist : “ The heavens declare the glory of God, and the firma- 
ment sbeweth his handy work !’* 

The fixed stars seem to have a common and general motion, by which they revolve 
around the pole of the ecliptic, at the rate of a degree in 72 years. It is in conse- 
quence of this motion that the constellations of the zodiac have all changed their 
positions. Aries occupies the place of Taurus, the latter that of Gemini, and so of 
the rest ; so that the constellations or signs have advanced about 30 degrees beyond 
the divisions of the zodiac to which they gave names. But this motion is only ap- 
parent, and not real ; and arises from the equinoctial points going back every year 
about 51 seconds on the ecliptic. The explanation of this phenomenon however is 
of such a nature as not to come within the object of this work. 

It has always been believed that the fixed stars have no real motion, or at least 
no other than that by which they change their longitude. But it has been disco*^ 
vered, by the very accurate observatious of modern astronomers, that some of them 
have a small motion peculiar to themselves, by which they slowly change their 
places. Thus Arcturus. for example, has a motion by which it approaches the ecliptic 
about 4 minutes eveiy 100 years. The distance between this star and another very 
small one, in its neighbourhood, has been sensibly changed in the course of the last 
century. Sirius also seems to have a motion in latitude, of more than 2 minutes per 
century, by which it recedes from the ecliptic. A similar motion has been observed 
in Aldebaran oi the Bull’s Eye, in Rigel, in the eastern shoulder of Orion, in the 
Goat, the Eagle, &c. Some others seem to have a peculiar motion in a direction 
parallel to the equator, as is the case with the brilliant star in the Eagle ; for in the 
course of 48 years it has approached one star in its neighbourhod 73'*, and receded 
from another 48". All the stars perhaps are subject to a similar motion ; so that in a 
senes of ages the heavens will afford a spectacle very different from what they do at 
present. So true it is that nothing in the universe is permanent I In regard to the 
cause of this motion, however astonishing it may at first seem, it will appear 
less so, if It be recollected that it has been demonstrated by Newton, that a whole 
planetary system may have a progressive and uniform motion in space, without the 
particular motion of the different purls being thereby disturbed. It needs therefore 
excite no surprise that suns, as the fixed stars are, should have a motion of their 
own. The state of rest being of one kind only, and that of motion in any direction 
being infinitely varied, we ought rather to be astonished to see them absolutely at 
rest, than to discover in them any movement. 

But these arc not the only phenomena exhibited to us by the fixed stars ; for 
some have appeared suddenly, and afterwards disappeared. The year 1572 is cele* 
brated for a phenomenon of this kind. In the month of November of that year, an 
exceedingly bright star suddenly appeared in the constellation of Cassiopeia : its 
splendour at first was equal to that of Venus when in its perigeum, and then to that 
of Jupiter when he exhibits the greatest brightness ; three months after its appear- 
ance it was only like a fixed star of the first magnitude : its splendour gradually 
decreased till the month of March 1574, at which time it entirely disappeared. 

There are other stars which appear and disappear regularly at certain periods; of 
this kind is that in the neck of the whale. When in its state of greatest brightness it 
is nearly equal to a star of the second magnitude ; it retains this splendour for about 
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fifteen day*, after which it becomes fainter, and at length disappear* ; it then re- 
appears, and attains to its greatest splendour, after a period of about days. 

Tbe constellation of the Swan exhibits two phenomena of the same kind ; for in 
the breast of the Swan there is a star which has a period of 15 years, during 10 of 
W'hich it is invisible ; it then appears for 5 years, varying in its magnitude and splen- 
dour. Another, which is situated in the neck near the bill, has a period of about 
13 months. In the same constellation a star was observed in 1670 and 1671, which 
disappeared in 167*2, and has never since been seen. 

Hydra also has a star of the same kind, which is attended with this remarkable 
circumstance, that it appears only 4 months; after which it remains invisible for 20, 
so that its period is about two years. 

Some stars seem to have become extinct since the time of Ptolemy ; for he 
enumerates some in bis catalogue which are not now to be seen ; others have changed 
their magnitude ; this diminution of size is proved in regard to several of the fixed 
stars ; among this number may be classed the star b in the Eagle, which at the 
beginning of tbe last century was the second in splendour, but which at present is 
scarcely of the third magnitude. Of this kind also is a star in the left leg of Serpen- 
tarius or Ophiuchus. 

It now remains that we should say a few w'ords respecting those stars called 
nthulct. They are distinguished by this name, because, when seen by the naked 
sight, they appear only like a small luminous cloud. There are three kinds of them. 
Some consist of an accumulation of a great number of stars crowded together, 
and as it were heaped upon each other; but w'hen viewed through a telescope, 
they are seen distinct, and without any nebulous appearance. Among these is the 
famous nebula of Cancel, oi the prase pe Ca»cri, forming a collection of 25 or 30 
stirs, which may be counted by means of a telescope. Similar gioups may be seen 
in various parts of the heavens. 

Other nebulae consist of one or more distinct stars, but accompanied or 
surrounded by a whiri&b spot, through which they seem to shine. There are 
two of this kind in Andromeda; one in the giidle, and another smaller about a 
degree farther south than the former. Of this kind also is that in the head 
of Sagittarius ; that between SiriiH and Piocyon , that in the tail of the Swan ; and 
three in Cassiopeia. It is probable that our sun appears under this form, when seen 
from the neiglibourhood of those fixed stars which are situated tow'nrds the prolonga- 
tion of his axis; for he has around him a lenticular and luminous atmosphere, which 
extends nearly to the earth. The Ahbede la Caille counted, in the Austral hemi- 
sphere, fourteen stars surrounded in thi< manner with nebulosities; but the most 
remarkable appearance of this kind, is that of the nebula in the sword of Orion ; for, 
when viewed through a telescope, it is found to he formed of a w'hitish spot, nearly tri- 
angular, and containing beven stars, one of which is itself surrounded by a small cloud, 
brighter than the rest of the spot. One is almost inclined to believe that this 
spot has experienced some alteration since the time of Huygens, by whom it was 
discovered. 

Tbe third kind of nchiil* is composed of a w’hitc spot, in which no stars arc 
seen when vie’tvcd w’ith the telescope. Fourteen of this kind are found in the 
Austral hemisphere, among which the celebrated spots, near the South pole, called 
by sailors tbe Magellanic clouds, bold tbe first lank. They are like small detached 
portions of the Milky Way. liut it may be thought an error to ascribe the splen- 
dour of that part of the heavens to small stars accumulated there in a greater mul- 
titude than any where else; for it does not contain a number, visible by common 
Jelescopes, sufficient to produce that effect ; and there are portions of the Milky 
Way no less brilliant than tbe rest, though no stars are observed in them, unless with 
the very highest improved instruments. 
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Respecting the milky way, nothing certain is known ; but we may conjecture, 
not without probability, that it consists of some matter similar to that of the solar 
atmosphere, and which is dififused throughout that celestial space.* If our whole 
system indeed were filled with a similar matter, it would exhibit to the neighbouring 
fixed stars the same appearance as the milky way. But why are all these systems, 
with which that part of the heavens is intcispersed, filled with this luminous matter ? 
To this question no answer certainly can be given. 

We shall here remark, that the famous new star in Cassiopeia had its origin In 
the milky way, and was perhaps formed by a prodigious q\iantity of this luminous 
matter being precipitated on some centre. But it is more difficult to explain why, 
and in what manner, the star disappeared. This origin of the new star may acquire 
some probability, if it be true that in the part of the milk} way where it was seen, 
there is a vacuity similar to the other parts of the heavens. 

Many ot the fixed stais, when examined with telescopes, are found to be double, or 
to consist of two stars Sir Wm. llcrschel has enumerated more than 500 of such 
stars within 30'" of each other, and Struve and other modern observers have in- 
creased the list to at least five times the number. Some of the stars which form 
these double ones are within less than one second of each other. In catalogues they 
are divided into classes, the closest forming the fir-^t class. 

On observing the direction of the line joining the centre of these stars with respect 
to the meridian, Sir Wm. Ilerschel found that some of them formed dynamic systems, 
actually revolving round each other, or round a conimoii centre, in circular or 
elliptical orbits of different degrees of eccentricity ; and by continuing to watch their 
motions, the times of revolution of several aie now kiiow’ii with very considerable 
accuracy 

The stars forming y Virptnis revolve in about G29 ycnis, Castor in about 233 
years, 70 Ophuichi in about 80 years, and t tlrsie in about 58 years. 

The following Jist of a few ot the laiger class of double stais may be useful for the 
trial of telescopes:— 
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Besides these double stars, othcis are found to present more complicated com- 
binations. consisting of three, ot four, or sometimes of a gi eater number of separate 
stars; and it not unfrequenlly happens that the separate stars are of different 
colours. 

> 

XII . — Recapitulation of what has been said respecting the System of the Universe, 

We shall terminate this chapter with a familiar comparison, calculated to shew, by 
known and common measures, the small space which our planetary system occup es 
in the immensity of the universe ; and the poor tignre, if we may be allowed the 
expression, which our earth makes in it. This consideration will no doubt serve to 

* Unless, with Dr. Ilerschel, wc 8upios<> it is a f.ir extended stiatma uf slurs, by us seen edgeways. 
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humble those proud beings, who, though they occupy but an infinitely small portion 
of this atom, have the vanity to think that the universe was created for them. 

To form an idea of our system as compared with the universe, let us suppose the 
sun to be in Hyde Park, as a globe of 9 feet 3 inclies diameter : the planet Mercury 
will be represented by a globule of about ^ of a line in diameter, placed at the 
distance of 37 feet. Venus will be a globe of a little more than a line in diameter, 
circulating at the distance of G8 feet from the same centre : if another globule, a 
line in diameter, be placed at the distance of 95 feet, it will represent the earth, that 
theatre of so many passions, and so much agitation ; on the surface of which the 
greatest potentate scarcely possesses a point, and where a space often imperceptible 
excites, among the animalcula that cover it, so many disputes, and occasions so much 
bloodshed. Mars, which in magnitude is somewhat interior to the earth, will be 
represented by a globule of a little less than a line in diameter, and placed at the 
distance of 144 feet; Jupiter, by globe 10 lines in diameter, 490 feet from the cen- 
tral globe ; Saturn, about 7 lines in diameter, at the distance of about 900 feet ; and 
the Georgian planet, 4 lines in diameter, at the distance of 1800 feet. 

But the distance from the Georgian planet to the nearest fixed stars, is immense. 
The reader may perhaps imagine that, according to the supposition here made, the 
first star ought to be placed at the distance of two or three leagues. This is the idea 
which one might form before calculation has been employed ; but it is very erroneous, 
for the first, that is to say the nearest star, ought to be placed at the same distance as 
that between London and Edinburgh, which is more than 300 miles. Such then is 
the idea which we ought to have of the distance between the sun and the nearest of 
the fixed stars ; and there is reason even to think that it is much greater, for we have 
supposed, in this calculation, that the parallax of the earth’s orbit is the same as the 
horizontal parallax of the sun, that is to say P 5". But certainly this parallax is much 
less; for it can hardly be believed that it could have escaped astronomers had it been 
so great. 

Our solar system then, that is the «ystcm of our piimary and secondary planets, 
which circulate around the sun, is to the distance of the nearest fixed .stars almost as 
a circle of ]8(K) feet radiu» would be to aconccntiic one of 300 iiiilcw radius; luid in 
the first circle our earth would occupy a space a line in diameter, appearing like a 
grain of mustard seed. 

Another coinpari.son, proper to convey some idea of the immense distance between 
the sun, which is the centre of our system, and the nearest of the neighbouring 
bodies of the same nature, is as follows; It is well known that the velocity of 
light is so great, that it passes over the distance between the sun and the earth m 
about half a quarter of an hour : in a second and a half it would go to the moon and 
return, or rather it would go fifteen times round the earth in a second. What time would 
light then employ in coming to us trom the nearestof the stars ? — Not less than 108 days ; 
or if the annual parallax be only two oi three seconds, it would requii c a year and more. 

What immense distance then between this inhabited point and the nearest of its 
neighbours I Is it not probable that in this vast interval there are planets which will 
remain for ever unknown to the human species? 

Modem astronomy indeed has discovered that this space is not entirely desert : it is 
now known that about a hundred comets move in it, at greater or less^istances, but 
do not penetrate to a very great depth. Tho^e of 1531, 1(507, 1(582, and 1759, the 
only ones the periods and orbits of which are known, do not immerge farther than 
about 37i times the radius of the earth’s orbit, or four times the distance of Saturn 
from the sun. If that of 1681 has a revolution of 575 years, as supposed, it must 
recede from us about 130 times the distance of the earth from the sun, or about 14 
times that of Saturn from the same body ; which is only a point when compared with 
the nearest of the fixed stars. But there arc comets perhaps which perform their revo- 
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lutioii only in 10000 years, and which scarcely approach so near the sun as Saturn : in 
that case these would penetrate into the immense space, which separates us trom the 
first of the fixed stars, as far as a fifteenth part of its depth. 

Those desirous of seeing a great many curious conjectures respecting the system of 
the universe, the habitation of the planets, the number of the comets, &c., may con- 
sult a work by M. Lambert, member of the Royal Academy of Berlin, entitled “ Sys- 
t^me du Monde,*’ Bouillon 1770, 8vo. Every one almost is acquainted with the 
** Pluralite des Mondes,” of Fontenelle; the Cosmotheoros,” of Huygens, the 
“ Somnium,” of Kepler, and the “ Iter extaticum,” of Kireher. The fiist of these, 
the Pluralite des Mondes,” is an ingenious and pleasing work, but a little too affected. 
The second. is learned and profound, and, like Kepler’s ** Somnium,” will please none 
but astronomers. In regard to the last, however much we may esteem the memory 
of Kireher, it can be considered in no other light than as a production altogether 
pedantic and ridiculous. 


CHAPTER III. 

OF CHRONOLOGY, AND VARIOUS QUESTIONS RELATING TO THAT SUBJECT. 

All polished nations keep an account of the time which has elapsed, and of that 
which is to come, by means of periods that depend on the motions of the heavenly 
bodies ; and this is even one of those things which distinguish man in a state of civili- 
zation, from man in the animal and savage state: for, while the former is enabled at 
every moment to count that part of the duration of his existence which has elapsed ; 
to foresee, at an assigned period, the recurrence of certain events, labouis or duties; 
the latter, though in some measure happier, since he enjoys the present without recol- 
lecting the past, or anticipating the future, cannot tell his age, nor foresee the period 
of the renovation of his most common occupations: the most striking events of which 
he has been a witness, or in which he has hud a share, exist in his mind only as past ; 
vs bile the civilized man connects them with precise periods and dates, by which they 
are arianged in their proper order. Without this invention, every thing hitherto 
done by mankind would have been lost to us , there would be no historical records ; 
and men, whose existence in the social state requires the united efforts of its different 
members in certain circumstances, could not employ that concurrence of action, which 
is necessary. Nb real civilized society therefore can exist without an agreement 
to count time in a regular manner ; and hence the origin of chronology, and the 
various computations of time employed by different nations. 

But, before we proceed farther, it will be proper to present the reader with some 
definitions, and a few historical facts, necessary for comprehending the questions 
which will be proposed in the course of this article. ^ 

There are two kinds of year employed by different nations ; one of which is regu- 
lated by the course of the sun, and the other by that of the moon. The first is called 
the solar, and the second the lunar year. The solar year is measured by a revolution 
of the sun through the ecliptic, from one point of the equinoctial, that of the vernal 
equinox for example, to the some point again ; and, as already said, consists of 365 
days 5 hours 49 pninutes. 

The lunar year consists of twelve lunations ; and its duration is 354 days 8 hours 
44 minutes 3 seconds. Hence it follows that the lunar year is about 11 days 
shorter than the solar ; consequently, if a lunar and a solar year commence on the 
same day, at the end of three jears the commencement of the former will have 
advanced 33 days before that of the latter. The commencement therefore of the 
lunar year passes successively through all the months of the solar year, in a retro- 
grade direction. The Arabians and Mussulmans in general, count only by lunar 
years ; and the Hebrews and Jews never employed any other. 
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But the most polished and enlightened nations have always endeavoured to com-' 
bine these two kinds of year together. This the Athenians accomplished by means 
of the famous golden cycle, invented by Meto, the celebrated mathematician whom 
Aristophanes made tbe object* of bis satirical wit; and tbe same thing is done at 
present by the Europeans, or the Christians in general, who have borrowed from the 
Romans the solar year for civil uses ; and from the Hebrews their lunar year for 
their ecclesiastical purposes. 

Before Julius Csesar, the Roman calendar was in the utmost confusion; but it is 
here needless to enter into any details on the subject ; it will he sulTicient to ob- 
serve, that Julius C5e^nr, being desirous to reform it, supposed, according to the sug- 
gestion of Sosigities bis astronomer, that the duration of the year was exactly 3C5 
days 6 hours. He therefore ordered that, in future, there should be three successive 
years of 365 days, and a fourth of 36(i. This last year was afterwards distinguished 
by the name oi hiasexiile^ because the day added every fourth year followed the sixth 
of tbe calends which was counted twice ; and because, to avoid any derangement in 
the denomination of tlie following days, it was thence called bissexto calendas. Among 
us it is added to the end of February, which has then 2i) da}s instead of 28, w'hich 
is the number it contains in common years. This form of year is called the Julian 
year^ and the calendar in which it is employed is called the Julian calendar^ 

But Julius Caesar was mistaken, when he considered the year as consisting exactly 
of 3V)5 days 6 hours ; as it contains only 3(»5 da}s 5 houis 41) minutes; and hence 
it follows that the equinox always retrogrades in the Julian year 11 minutes 
annually; which gives precisely three days in 400 years. Hence it happened 
that the equinox, which at the time ol the council of Nice corresj onded to 
the 21 bt of March, after the lapse of about 1200 jears, that is to say, in tbe year 
1500, fell about the llth. Pope Gregoiy XIll. being desirous to reform this error, 
suppressed, in 1382, ten consecutive days; counting, after the Dili of October, the 
21st: and by these means brought back the vernal equinox following to the 2Ist 
of March; and, in order that it might neier deviate any more, he pioposed that 
three bissextiles should be siqiprc'^sed in tlic course of 4tK) years. For this reason 
the years 17tX) and 1800 were not bissextile, though they ought to have been so 
according to the Julian calendar; the ease will be the same with the year 1000, but 
the year 2000 will be bissextile; in like manner the jears 2100, 2200, and 2300 will 
not be bissextile ; but 2400 will ; and so ot the rcht. 

All this is bufbeient, and more than suflicicnt, for tlie solar year. But the great 
dilTiculty of our calendar arose from the lunar year, which it was neeessaiy to com- 
bine with it , for as the (iinstiaiis had their origin among the Jews, they were de- 
sirous of connecting their rnobt solemn festival, that of Eastei, with the luimi year ; 
because tbe Jews celebrated their Passover at a certain lunation, viz. on tlie day of 
the full moon which immediately followed the vernal equinox. But the council of Nice, 
that the Easier of the Christians might not concui with the Ibissover of the Jews, 
ordained, that the former should celebiate their festival on the Sunday after the full 
moon which should take place on the day of the vernal equinox, or which should 
immediately follow’ it. Hence has arisen tbe necessity of forming periods of luna- 
tions, that tbe day of the new or full muon may he found with more facility, in order 
to determine the paschal moon. 

Tbe council of Nice supposed the cycle of Meto, or the golden number, according 
to which 235 lunations are precisely equal to 19 solar years, to be perfectly exact. 
After the period of 19 years, therefore, tbe new and full moons ought to take place 
on the same days of the month. It was thence easy to determine, in each of these 
years, tbe place of the lunations ; and this was what was actually done by means 
of tbe epacts, as shall be hereafter explained. 

But in reality 235 lunations are less, by an hour and a half, than 19 solar Ju* 
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lian years ; whence it happens, that in 304 years the new moons retrograde a day 
towards the commencement of the year: and consequently four days in 1216 years. 
On this account, about the middle of the 16th century, the new and full moons had 
anticipated, by four days, their ancient places ; so that Easter was frequently cele- 
brated contrary to the disposition of the council of Nice. 

Gregory XIII. undertook to remedy this irregularity by an invariable rule, and 
proposed the problem to all the mathematicians oF Europe : but it was an Italian 
physician and mathematician who succeeded best in solving it, by a new disposition 
of the epacts, and which the church adopted. This new arrangement is called the 
Gregorian calendar. It began to be used in Italy, France, Spain, and other Catholic 
countries, fn 1582. It was soon adopted, at least in what concerns the solar year, 
even by the Protestant states ot Germany : hut they rejected it in regard to the lunar, 
and preferred finding the day of the paschal full moon by astronomical calculation : 
the Roman Catholics therefore do not always celebrate Easter at the same time as 
the Protestants in Germany. The English were the most obstinate in rejecting the 
Gregorian year, and almost for the same reason which made them long exclude 
Peruvian bark from their pharmacopeia: that is to say, because they were indebted 
for it to the Jesuiis: but they at length became sensible that whatever is good in 
itself, and useful, ought to be received were it even from enemies : and they con- 
formed to the method of computing time employed in the rest of Euiopc. This 
change did not take place till the year 1752. Before that peiiod, when the French 
counted the 21st of the month, the Engli&h counted only the 10th. In the course 
of ages they would therefore have had the vernal equinox at Christmas, and the wunter 
at Midsummer. The Russians arc the only people of Europe who still adhere to the 
Julian calendar. 

After this short liislorical sketch, wc shall now proceed to the principal problems 
of chronology. 


PROnLEM 1. 

To find U'hethcr a ^iven year be Biasextile or not ; that is to say^ whether it consists of 

306 days. 

Divide the nuinhei which indicates the given \car by 4, and if nothing remains the 
year is bissextile: if there be a remainder, it shews the number of the } ear current 
after bissextile. We shall Iiltc propose, as an example, the year 1774. As 1774 
divided by 4 leaves 2 for remainder, we may conclude that the year 1774 was the 
second after bissextile. 

To this rule however there arc some limitations. 1st. If the year is one of the 
centenaries posteiior ti) the retormation of the calendar by Gregory XIII., that is 
to say 1582, it will not be bias.extile unless the numhei ot the centuries which it 
denotes be divisible by 4 ; tlius 1000, 2000, 2400, 2800 have been or will be bissex- 
tiles ; but the years 1700. 1800, 1000, 2UK), 221M). 2300, 2500, 2600. 2700, were 
not, or w'ill not be, bissextiles, for the reason already mentioned. 

2d. If the year he centenary, and anteiior to 1582, but without being below 474, it 
bas been bissextile. 

3d. Between 459 and 474 there was no bissextile. 

4tb. There wa& none among the first six years of the Christian sera. 

5th. As the first bissextile after the Christian sera was the seventh year, and as 
the bissextiles regularly followed each other every four ycais till 459; w’hen the given 
year is between the Ttb and the 459tb, first subtract 7 from it, and then divide it 
by 4 ; if nothing remains, the year has been bissextile ; but if there be any remainder, 
it will shew what year after bissextile the proposed year was. Let the proposed year, 
for example, be 148: if 7 be subtracted, the remainder is 141, which divided by 4» 

2 1 
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leaves I for remainder ; consequently the year 148 of the Christian »ra was the 
first after bissextile. 


Of the Golden Number and Lunar Cycle. 

The golden number, or lunar cycle, in a revolution of 19 solar years, at the end of 
which the sun and moon return very nearly to the same position. The origin of it is 
as follows. 

Since the solar Julian year, as already said, consists of 365 days 6 hours; and as 
the (Juration of one lunation is :29du>B 12 hours 49 minutes; it has been found, by 
combining these two periods, that 235 lunations make iieaily 19 solar years; the 
difference lieing only Ih. 31m. It is therefore plain that after 19 solar yertrs the new 
moons ought to take place on the same da)8 of the month, and almost at the same 
hour. In the hrst of these solar jears, if the new moon happen on the 4th of Janu* 
ary, the 2d of February, Stc., at the end of 19 years the new moons will take place 
also on the 4th of January, the 2d of February, &c. ; and this will be the case eter- 
nally, if we suppose that 235 lunations arc exactly equal to 19 solar revolutions. 
Hence is sufficient to have once determined, during 19 solar years, the days of the 
month on W’bich the new moons happen; and when it is knowm what rank a given 
year bolds in this period, we can immediately tell on what days of each month the 
new moons fall. 

The invention of this cycle appeared to the Athenians to be so ingenious, that, 
when proposed by the astronomer Meto, it was received with acclamations, and in- 
scribed in the public square in golden letters : hence the name of the gulden number. 
It is distinguished also by the loss pompous denomination of the lunar cycle, or cycle 
of Meto, from the name of its inventoi. 

PROntESI II. 

To find the Golden Number (f any given yeai ; or the rank which it holds in the 

Lunar Cycle. 

To the given year add 1, and divide the sum by 19; if nothing remains, the golden 
number of the given year will be 19; but if there be a remamder, which must neces- 
sarily be le8^than 19, it will be the golden numbei required. 

Let the given year, for example, be 1802. It 1 be added to 1802, and if the sum 
1803 be divided by 19, the remainder will be 17; which indicates that 17 is the 
golden number of 1802, or that this year is the 17th of the lunar cycle of 19 years. 

If the year 1728 be proposed, it will be found, by a simiUr operation, that the re- 
mainder is nothing; which shews that the gulden number of that year was 19. 

The reason of adding 1 to the given year, is because the first year of the Christian 
sera w’as the second of the lunar cycle, or had 2 for its golden number. 

If any year before the Christian sera be proposed, such as the 25tli for example, 
substract 2 from that number, and divide 23 the remainder by 19; it 4 the remainder 
be then taken from 19, the result will be the golden number of the year 25 before 
Jesus Christ ; which in this case is 15. 

Remark . — It may be readily seen, that when the golden number of any year has 
been found, the golden number of the following year may be obtained by adding 1 to 
the former. The golden number of the preceding year may be obtained also by sub- 
tracting 1 from the golden number already found. Thus, having found the golden 
number of the year 1802, which is I7f by adding 1 to it, we shall have 18 for that of 
the year 1003; and I subtracted from it will give 16 for the golden number of 
1801. 

Of the Epact. 

The epact is nothing else than the number of days denoting the moon^s age at the 
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end of a given year. The formation of it may be easily conceived by considering that 
the lunar year, which consists of 12 lunations, is less than a Julian year by about 11 
days ; therefore if we suppose that a lunar and a solar year begin together on the 1st 
of January, the moon at the end of the year will be 1 1 days old ; for 12 complete 
lunations, and 11 days of a thirteenth, will have elapsed; and therefore the moon, at 
the end of the second year, will be 22 days old, and at the end of the third 33. But 
as 33 days exceed a lunation, one of 30 days is intercalated, by which means that year 
has 13 lunations; and consequently the moon is only 3 days old at the end of the 
third year. 

Such then is the progress of the e pacts. That of the first year of the lunar 
cycle is 11 ; this number is afterwards continually added, and when the sum exceeds 
30, if 30 be subtracted, the remainder will be the epact ; except in the last year 
of the cycle, where the product of the addition being only 29, the same number it 
deducted to have 0 for epact : this announces that the new moon happens at the end 
of that year, which is also the beginning of the next one. The order of the epacts 
therefore is 11, 22, 3, 14, 25, 6 , 17, 28, 9, 20, 1, 12, 23, 4, 15, 26, 7 , 18, 29. 

This arrangement would have been perfect and perpetual, if 19 solar years, of 365 
days 6 hours, had been exactly equal to 235 lunations, as supposed by the ancient 
astronomers ; but unfortunately this is not the case. On the one hand, the solar 
year consists only of 365 days 5 hours 49 minutes ; and besides, 235 lunations are 
less than 19 Julian years by one hour and a half; so that in 304 years the real new 
moons are anterior, by one day, to the new moons calculated in this manner. Hence it 
happened that in the middle of the 16th century, they preceded by four days those 
found by calculation ; as four revolutions of 304 years had elapsed between that 
period and the council of Nice, at which the use of the lunar cycle had been adopted 
for computing the time of Easter, it was therefore found necessary to correct the 
calendar, that this festival might not be celebrated, as was often the case, contrary 
to the intention of that council ; and with this view some changes were made in the 
calculation of the epacts, which form two cases. One of them is that when the 
proposed year is prior to the reformation of the calendar, or to 1582 : the second is 
vhen the years arc poster ior to that epoch. We shall illustrate both cases in the 
following problem. 


PROBLEM in. 

• Any year being given^ to find its Epact. 

I. If the proposed year be anterior to 1582, though posterior to the Christian 
lera, which forms the first case ; find b} the preceding problem the golden number 
for the given year, and having multiplied it by 11, subtract 30 from the product as 
many times as possible : the remainder will be the epact required. 

Let the given year, for example, be 1489. Its golden number, by the preceding 
problem, is 8, which multiplied by 11 gives 88; and this product divided by 30 leaves 
for remainder 28 ; the epact of the above year therefore was 28. 

In like manner, if 1796 be considered as a Julian year, that is to say, if those who 
have not adopted the new style of reformation in the calendar wished to know the 
epact of that year, it would be necessary first to find the golden number, which is 
11; this multiplied by 11 gives 121 ; and the latter divided by 30, leaves 1 for re- 
mainder. Hence it appears that the epact of 1796, considered as a Julian year, 
was 1. 

II. We shall now suppose that the given year is posterior to the reformation 
of the calendar, or to the year 1582 ; which forms the second case. In this case, 
multiply the golden number by 11, and from the product subtract the number of days 
cut off by the reformation of Gregory XIII., that is to say 10, if the year is between 

2 i2 



CHRONOLOGY. 


484 . 

1582 and 1700; 11 between 1700 and 1900; 12 between 1900 and 2200, 8tc, ; divide 
wbat remains after this deduction by 30, and the remainder will be the epnct 
required. ♦ 

Let it be proposed, for example, to find the epact of the Gregorian year 1093, the 
golden number of which was 3 : multiply 3 by 11, and from 33, the product, subtract 
10: as the number 23 cannot be divided by 30, that number was the epact of the 
year 1693. 

If the epact of the year 1790 were required, the golden number of W'hich was 11 ; 
multiply 11 by 11, and from the product 121 subtract 11, which will leave 110; this 
number divided by 30, gives for remainder 20, which was the epact of the year 
1796. 

If the epact of the year 1802 were required, the golden number of w'hich is 17 ; 
multiply 17 by 11, and from the product 187 subtract 11 ; the remainder, 170, divided 
by 30, leaves for remainder 26, which therefore is the epact for the year 1802. 

Hemarks —The epact, according to the Julian calendar, may be found without a 
division, in the following manner : Ae^^ign to the upper extremity of the thumb 
of the left hand the value of 10 ; to the middle joint 20, and to the last or root 30, 
or rather 0. Count the golden number of the proposed year on the same thumb, 
beginning to count I at the extremity, 2 on the middle joint, 3 on the root; then 4 
at the extremity. Son the joint, 0 on the root; and so on, till you come to the 
golden number found; to which, if it falls on the root, nothing is to be added, be- 
cause the value assigned to it was 0; but if it falls on the extremity add 10 to it ; 
and if on the middle joint 20 ; because these were the values assigned to th(*m. The 
sum, if less than 30, will be the epact required ; if greater than 30, subtract 30 fiom 
it and the remainder w'ill be the epact. 

Thus, if the epact ot 1489 were required : as the golden number of that jear W'as 
8, count 8 on the thumb, as above mentioned, beginning to count 1 on the extremity, 
2 on the middle joint, 3 on tlie root ; then 4 on tin* extrernitv. and so on. Because 
8, in this case, falls on the middle joint, add to it 20. -and the sum 28 v^ill be the 
epact of the above >ear 1489. In like manner, if tin- e|>act of 1720 be required, the 
golden number of which is 17 ; count 1 on the extreiriitj of the thumb, 2 on the 
middle joint, &c., till you complete 17, which will fall on the joint ; and if 20, the 
value assigned to that joint, he then added to the golden number, the sum will he 
37; from w'hich if 30 be subtracted, there wrill umniin 7 for the epact of 1726, ac- 
cording to the Julian calendar. 

By the same artitice the epact for any year of the l7th century might be found ; 
provided 20 be assigned to the extremity ot the thumb, 10 to tlie joint, and 0 to the 
root; and that you begin to count 1 on the root, 2 on the joint, and soon, 

PltOBLl M IV. 

To find the day of the New Moon in any proposed Month of a given Year. 

First find the epact of the given year, as taught in the two preceding problems ; and 
add to it the number of months, reckoning from March inclusively : subtract the sum 
from 30 if less, or from 60 if greater ; and the remainder will give the day of the 
new moon. 

Let it be required, for example, to find on wbat day the new moon happened in 
the month of May 1802. The golden number of 1802 was 17f which multiplied by 
1 1 gives 187 ; and if 1 1 be subtracted, according to the rule, we shall have for re- 
mainder 176 : this divided by 30 leaves 26 = the epact of that year, as before found. 

When Uie golden number in 1, if the be poeterior to 1000, add 30 to it liefnie-you multi i ly 

by 11, and then prooe*d as aliove ilirectid. 
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Now the number of months from March, includijig May, is 2 ; and 2 added to the 
epact makes 28, which subtracted from 30 leaves 2 : new moon therefore took place 
on the 2d of May 1802. Accordingly the Almanacs shew it was new moon on the 
2d at Ih. 43m. in the morning. 

Remark . — In calculations of this nature, great exactness must not be expected. 
The irregular anaiigement of the months which have 31 days, the mean numbers 
necessary to be assumed in the formation of the periods from which these calculations 
are deduced, and the inequality of the lunar revolution, may occasion an error of 
nearly 48 hours. 

More correctness may perhaps be obtained by employing the following table ; 
which indicates what ought to he added to the epact for each commencing month. 


January •••• 

.. ^ 

May •••••.• 


September.... 

8 

February. . . . 

.. 2 

June 

. ... 4 

October 

18 

March 

.. 1 

July 

5 

November .... 

10 

April 

.. 2 

August 

6 

Deeember .... 

10 


PROBLEM V. 

To find the Moons Age on any given day. 

To the epact of the year add, according to the above table, the number belonging 
to the month i?i which the proposed day is ; and to this sum add the numUer which 
indicates the day: if the re''ult he less than 30, it will be the moon’s age on the 
given da} ; if it be 30, it shews that new' moon took place on that day; but if it 
exceeds 30, subtract 30 from it, and the reinuindcr will be the age of the moon. 

Let it be requned, for evaniple, to find vvh.it was the age of the moon on the 
20th of March 1802. The epact of 1802 was 20, and the number to be added 
for the month of March, accoiding to the preceding table, is 1 : this added to 26 
makes 27, and 20, the number of the pioposed day, added to 27, makes 47; from 
which if 30 be Subtracted, the remaindci is 17 = the moon’s age on the 20th of 
March ; and this indeed is agreeable to what is indicated by the Almanacs. 

The moon’s age, during the present century, ma) be found with suflTicient exactness 
by the following rule. 

From the given year subtract 1800, multiply the remainder by 109, and divide the 
product by 295. . To the tenth part of the remainder add the day of the month, and 
the number from the subjoined table ; and the sum, if it does not exceed 30, is the 
moon’s age, — if it exceed 30, the excess is the moon’s age. 

TABLE. 

Jan. Feb. Mar. Ap. May. June. July. Aug. Sep. Get. Nov. Dec. 

Common Year 5 6 5 6 7 8 9 10 12 12 14 14 

Leap Year ..5 7 6 7 8 9 10 11 13 13 15 15 

Thus taking the example proposed above, 1800 deducted from 1802 leaves 2; and 
2 multiplied by 109 gives 218 for a product, which divided by 295 gives 0 for a 
quotient, and 218 for a remainder ; the tenth parts of which is 21 8 or 22 nearly. 


Remainder 22 

Day of month 20 

Tab. No 5 

47 

Deduct 30 

Moon’s age 17 days. 
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Of the Solar Cycle and Dominical Letter, 

The solar cycle is a perpetual revolution of 28 years, the origin of which is os 
follows : 

1st. The seven first letters of the alphabet a b c d e f o are arranged in the calen- 
dar in such a manner, that a corresponds to the 1st of January, b to the 2d, c 
to the 3(i, D to the 4tb, e to the 5th, f to the Gth, o to the 7tb, a to the 8th, b to 
the 9tb, and so on through several revolutions of seven. The seven days of the 
week, called also feriae, are represented by these seven letters, 

2d. Because a year of 365 days contains 52 weeks and 1 day, and as that remaining 
day is the first of a 53d revolution, a common year of 365 days ought to begin and 
end with the same day of the week. 

3d. A-ccording to this disposition, the same letter of the alphabet corresponds to 
the same day of the week, throughout the course of a common year of 365 days. 

4th. As these letters all serve alternately to indicate Sunday, during a series 
of several years, they have on that account been called dominical letters, 

5tb. It hence follows that if a common year begins by a Sunday, it will end 
by a Sunday ; the 1st of January therefore of the following year will be a Monday, 
which will correspond to the letter a ; and the 7th will be a Sunday, which will 
correspond to the letter o, which will be the dominical letter of that year. For the 
same reason the dominical letter of the following year will be r, that of the next 
one E, apd so on, ciiculating in an order retrogiade to that of the alphabet. From 
this circulation of the letters has arisen the name of solar cycle; because Sunday 
among the pagans w'as called dies solis^ the day of the sun. 

6th. If there were no dajs to be added for bissextile years, all the different 
changes of the dominical letters would take place in the coarse of seven years. But 
this order being interrupted by the bissextile years, in which the 24th of February 
corresponds to two different feriae of the week: the letter f, for example, which 
would have indicated a Saturday in a common year, will indicate a Sunday in a 
bissextile year: or if it indicated a Sunday in a common year, it will indicate a Sun- 
day and a Monday in a bissextile, &c. Hence it follows that in a bissextile year, 
the dominical letter changes, and that the letter which marked a Sunday in the com- 
mencement of the year, W'ill mark a Monday after the addition of the bissextile. This 
is the reason why two dominical letters are assigned to each bissextile year; one 
which serves from the 1st of January to the 24th of February, and the other from 
the 24th of February to the end of the year ; so that the second dominical letter 
would naturally be that of the following year, if a day had not been added for the 
bissextile. 

7th. All the possible varieties to which the dominical letters are subject, both in 
common and in bissextile years, take place in the course of 4 times 7, or 28 years ; 
for after 7 bissextiles the dominical letters return and circulate as before. This 
revolution of 28 years has been called the solar cycle, or the cycle of the dominical 
letter. 


PROB7.EM VI. 

To find the Dominical Letter of any proposed year. 

I, To find the dominical letter of any given year, according to the Gregorian 
Calendar, add to the number of the year its fourth part, or, if it cannot be exactly 
divided by 4, the least nearest to it ; from the sum subtract 5 for 1600, 6 for the 
following century 1700, 7 for 1800, and 8 for 1900 and 2000 ; because the years 1700, 
1800, and 1900, are not bissextiles ; 9 for 2100, 10 for 2200, and 1 1 for 2300 and 2400, 
because the three years 2100, 2200, and 2300 will not be bissextiles; divide what 
remains by 7 » and the remainder will be the dominical letter required, counting from 
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the lait letter g to\^ardg a the first ; so that, if nothing remains, the dominical letter 
will be A ; if 1 remains, the dominical letter will be g ; if 2 remains, it will be f ; and 
80 of the rest. 

Thus, to find the dominical letter of the year 1802 : add its fourth part 450, which 
makes 225*2, and from this sum subtract 7 « if the remainder 2245 be divided by 7* the 
remainder 5 will shew that the dominical letter is c, since it is the fifth, counting in a 
retrograde order, from tbe last letter g. 

We inu««t here observe, that to find with more certainty, by this operation, the 
dominical letter of a bissextile year, it will be necessary to find first the dominical 
letter of the preceding year, which will serve till the 24th of February of the bissextile 
year ; after which the next letter in the retrograde order must be used for the remain- 
ing part of the year. Thus, if it be required to find the dominical letter of tbe 
year 1724; first find that of 1723, by adding to it its nearest less fourth part, 430; 
subtracting 6 from the sum 2153, and dividing the difference 2147 by 7 i the remainder 
5 shews that the dominical letter of the year 1723 was c ; which is the fifth of the 
first seven letters of the alphabet, counting in the retrograde order. Since it is 
known that c was the dominical letter of 1723, it may be readily seen that b was the 
dominical letter of the following year 1724. But as 1724 was bissextile, b could be 
used only till the 24th of February, after which a, the letter preceding b, was em- 
ployed to the end of the year ; hence it is seen that a and b were the two dominical 
letters of tbe year 1724. In like manner the dominical letters of any future bissextile 
year may be found. 

2d. To find the solar cycle, or rather the current year of the solar cycle, corre- 
sponding to a given year; add 9 to tbe proposed year, and divide the sum by 28: if 
nothing rcmaiiib, the solar cycle of that year is 28; but if there be any remainder it 
indicates the number of the solar cycle required. 

Thus, if the solar cycle of 1802 be required ; add 9f which makes 1811, and divide 
this sum by 28 ; the remainder, being 19, shews that 19 is the solar cycle of 1802. 

The reason of this rule is, that the first year of the Christian sera was the 10th of 
the solar cycle ; or in other words, that at the commencement of this aera 9 years of 
the solar cycle were elapsed. 

Remarks , — The solar cycle of any year whatever may be found with great ease, and 
without division, by means of the subjoined table. 


Years, 

Solar 

Cycle. 

Years. 

Solar 

Cycle. 

Ceaturies. 

Solar 

Cycle. 

Ceaturies. 

Solar 

Cvclc. 

1 

1 

10 

10 


16 

1000 

20 

2 

2 

20 

20 

200 

25 

2000 

12 

3 

3 

30 

2 

300 

20 

3000 

4 

4 

4 

40 

12 

400 

8 

4000 

24 

5 

5 

50 

22 

500 

24 

5000 

16 

6 

6 

CO 

4 

600 

12 

6000 

8 

7 

7 

70 

14 


0 

7000 

0 

8 

8 

80 

24 

800 

16 

8000 

20 

9 

9 

90 

6 

900 

4 

9000 

12 


The method of constructing this table is as follows : — 

Having placed opposite to the fir^t ten years the same numbers as the solar eyelet 
of these years, and 20 for the solar cycle of the 20th ; instead of putting down 30, for 
the 30th year, set down only 2, which is the excess of 30 above 28, or above the 
period of the solar cycle. For tbe 40th year inscribe the numbers which correspond 
to 30 and to 10, that is 2 and 10 ; and so of the rest, always subtracting 28 from the 
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sum when it is greater. Having thus shewn the method of constructing this iable^ 
we shall now explain the use of it. 

In the first place, if the proposed year, the solar cjcle of which is required, be in 
the above table, look for the number opposite to it in the column on the right, 
marked solar cycle at the top, and add 9 to it ; the sura will be the solar cycle 
required : thus if 9 be added to 12, which stands opposite to the year 2000, we 
shall have 21 for the solar cycle of that year. * 

But, if the given year cannot be found exactly in the above table, it must be divided 
into such parts as are contained in it. If the numbers corresponding to these parts 
be then added, their sum increased by 9 will give the solar cycle of the required 
year ; provided this sum is less than 28 ; if greater, 28 must be subtracted from it as 
many times as possible. 

Let it be required, for example, to find by the above table the solar cycle of the 
year 1802. Divide 1802 into the three following parts 1000, 800, 2, and find the 
numbers corresponding to them in the right hand columns, which are 20, 10, 2 ; the 
sum of these is 38, and 9 added makes 47 ; from which if 28 be subtracted we shall 
have for remainder 19, the solar cycle of 1802. . 

II. The reason of adding 9 to the sum of all these numhers, is because the 
solar cycle, before the first ye ar of the ^hri^l5an aera, was 9 ; consequently this 
cycle had begun 10 years before the birth of Christ, which m.iy be abcertaincd in this 
manner: — 

Knowing the solar cycle of any year, either by tradition or in any other manner, 
that of the year 1003 for example, which was 22; subtiact 22 from 1G93, and divide 
the remainder 1071 by 28; then subtract 19, which remains, from 28, and the re- 
mainder 9 will be the solar cycle before t* e first year of the Christian oira, 

III. A table to shew the golden mimhcr of any proposed yen- might be con- 
structed in the same manner ; W'lth this difference, that instead ot subtracting 28 
it would be necessary to subtract 19, because the period of that cycle is 19; and that 
instead of adding 9, it w'ould he necessary to add only 1 ; because the golden number, 
before the first year of tlie Ciiiistian mra, was 1 : consequently this cycle began two 
years before the birth of Christ ; that is to say, the golden number tor the first year 
of the Christian sera, w’as 2, &c. 

IV. The dominical letter of any proposed year may he found by another method ; 
and when this letter is known, it will serve to shew the letter which corresponds to 
every day throughout the whole of the same ycai • 

J>ivide by 7 the number of days which have elapsed between the first of January 
and the proposed day inclusively ; and if nothing remains the required letter will be 
G ; if there be any remainder, it will indicate the number of the required letter, 
reckoning according to the order of the alphabet, A 1, B 2, &c. 

Thus, to find the dominical letter of the year 1802; take any Sunday, the 28th 
of February for example, and find how many days have elapsed between it inclusively, 
and the Ist of January: as the number is 59, divide this number by 7, and the 
remainder 3 will shew that C, the third letter of the alphabet, is the dominical 
letter required. * 

The days which have elapsed between the first of January and any given period 
of the year, may be readily found by means of the following table ; but it is to be 
observed that after February, in bissextiles, the number of days must be increased 
by unity. 

• It is here to be ohserreU, that when you wj^h to find the dominical Jetier, the proposed day 
inuat Ih} a Sunday ; otherwise you will find only the letter which belongH to some other day. 



WEEK DAYS.— EASTER-DAY. 


489 



Days. 

•••• 31 

From Jan. to August . . . . 

Daya. 

.... 212 

Jan. to March 

.... 69 

Jan. to Sept 

.... 243 

Jan. to April ••••• 

.... 90 

Jan. to Oct 

.... 273 

Jan. to May 

.... 120 

Jan. to Nov. ...... 

.... 304 

Jan. to June ..... 

.... 151 

Jan. to Dec 

.... 334 

Jan. to July 

.... 181 

Jan. to Jan 

.... 865 


PROBLEM 

VII. 



To find what day of the Week corresponds to any given day of the Year* 

To the given year add its fourth part, or, when it cannot be found exactly, its 
nearest least fourth part ; and to the sum add the number of days elapsed since the 
first of January, the proposed day included : from the last sum subtract 14, for the 
present century, and divide what remains by 7 : the remainder will indicate the day 
of the week, counting Sunday 1, Monday 2, Tuesday 3, and so on : if nothing re- 
mains, the required day is a Saturday. 

Thus, if it be required to know what day of the week corresponded to the 27th 
of Apiil 1802 ; add to 1802 its nearest least fourth part 450, and to the sum 2252, 
af 1 117* the number of days elapsed between that day inclusive and the 1st of 
January. If 14 be subtracted from the last sum, which is 2369, and if 2355 which 
remains be divided by 7, the remainder will be 3 : consequently the 27th of April 
1802 was a Tuesday. 

Remark -If the proposed year be between 1582 and 1700, it will be necessary to 
deduct uly 12 from the sum formed as above. 

If the >ca» be anterior to 1582, it will be necessary to deduct only 2; because in 
1582 ten da)s were suppressed from the calendar. As a bissextile was suppressed in 
17CK), which makes an eleventh day suppressed, 13 must be subtracted if the given 
year be in *he last century. 

For the same re .son 14 must be subtracted in the present century, 15 in the 
twentieth ad twenty-first, and so on. 

PROBLEM VUI. 

To find Raster-Day and the other Moveable Feasts, 

By the reformation of the calendar, the 14th day of the paschal moon was brought 
back to the same season in which it was found at the time of the council of Nice, 
and from which it had removed more than four days. According to the decree of 
that council, Easter ought to be celebrated on the first Sunday after the 14th day of 
the moon, if this 14th day should happen on or after the 2l8t of March. Hence it is 
obvious that Easter cannot happen sooner than the 22nd of that month, nor later 
than the 25th of April: which on that account have been called the paschal limits. 
The following is a table of these limits from the year 1700 to 1900. 


Lunar 

C>cle. 

PaHcbal 

Limits. 

Lunai 
Cycle . 

Paschal 

Limits. 

Lunar 

Cycle. 

Paschal 

Limits. 

1 

April 13 

8 

March 27 

14 

March 21 

2 

April 2 

9 

April 16 

15 

April 9 

3 

March 22 


April 4 

16 

March 29 

4 

April 10 

11 

March 24 

17 

April 17 

5 

March 30 

12 

April 12 

18 

April 6 

6 

1 

April 18 
April 7 

13 

April l 

19 

March 26 
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By metns of this table Easier may be found in the follo^ving manner. First find 
the golden number or lunar cycle of the year, and opposite to it, in the above table, 
will be found the day of the month on whicb the paschal full moon happen.s in that 
year. The Sunday immediately following is Easter-day, according to the Gregorian 
calendar. If the full moon happens on a Sunday, Easter-day will be the Sunday 
following. 

Thus, if Easter-day 1802 were required, as the golden number of that is 17, op- 
posite to it will be found April 17th ; and as the following day, or the 18th, is a 
Sunday, Easter-day happens on the 18th of April. 

Second Method, 

Easter may he found also by means of the following table, which consists of nine 
columns, each divided into seven parts. The first column contains the dominical 
letters, the seven following the epacts, and the ninth the day on which Easter 
falls. 


TABLE FOR FINDING EASTER. 


A 

23 

18 

11 

4 

27 

22 

17 

10 

3 

26 

21 

16 

9 

2 

25 

20 

15 

8 

1 

24 

19 

14 

7 

♦ 

13 

6 

29 

12 

5 

28 

26 March 

2 April 

9 Ajiril 

16 April 

23 April 


23 

22 

21 

20 

19 

18 


7 March 


17 

16 

15 

14 

13 

12 

11 

3 April 

B 

10 

9 

8 

7 

6 

6 

4 

10 April 


3 

2 

1 

• 

29 

28 

27 

17 April 


26 

25 

24 





2i Ap*i’i 


23 

22 

21 

20 

19 

18 

17 

28 March 


16 

15 

14 

13 

12 

11 

10 

4 '‘pill 

C 

9 

8 

7 

6 

5 

4 

3 

u A Hi 


2 

1 

« 

29 

28 

27 

2G 

If, yVjuii 


25 

24 






25 April 


23 







22 March 


22 

21 

20 

19 

18 

17 

16 

29 March 

D 

15 

14 

13 

12 

11 

10 

9 

5 April 


8 

7 

6 

6 

4 

3 ! 

2 

12 April 


1* 

29 

28 

27 

26 

25 

24 

19 April 


23 

22 

i 





23 March 


21 

20 

19 

18 

17 

16 

15 

30 March 

E 

14 

13 

12 

11 

10 

9 

8 

6 April 


7 

6 

6 

4 

3 

2 

1 

13 April 


« 

29 

28 

27 

26 

25 

24 

20 April 


23 

22 

21 





24 March 


20 

19 

18 

17 

16 

15 

14 

31 March 

F 

13 

12 

11 

10 

9 

8 

7 

7 April 


6 

5 

4 

3 

2 

1 

• 

14 April 


29 

28 

27 

26 

25 

24 


21 April 


23 

22 

21 

20 




25 March 


19 

18 

17 

16 

15 

14 

13 

1 April 

G 

12 

11 

10 

9 

8 

7 

6 

8 April 


6 

4 

3 

2 

1 


29 

15 April 


28 

27 

26 

25 

24 



22 April 
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To use ibis table, tbe epacf and dominical letter fbr the given year must be found. 
Thus if 1802 were proposed, tbe dominical letter of which is O, and tbe epact 26 ; 
look in one of the cells, opposite to that inscribed C, for the epact 26, and opposite 
to it will be found, in the last column on the right, the 18th of April, which is 
Easter-day. 

Third Method, 


If the epact of the proposed year does not exceed 23, subtract it from 44 ; and 
the remainder, if less than 31, will give the paschal limits in March; if greater than 
31, tbe surplus will be the paschal limits in April. 

But if the epact is greater than 23, subtract it from 43, or from 42, when it is 24 
or 25 ; the remainder will be the day of the paschal limits in April, and the Sunday 
following will be Easter. 

Remark . — Since all the other moveable feasts are regulated by Easter, when the 
day on which it falls is known, it will be easy to find the rest. Septuagesima Sun- 
day is nine weeks or G4 days before it, both the Sundays included. Ash- Wednesday 
is the 47th day preceding Easter, and the Sunday following Ash-Wedncsday is the 
first Sunday in Lent. Ascension-day is 40 days, Pentecost or Whit-Sunday is 50 
days, and Tihiity Su-iday is 57 days, after Easter. 


PROBLEM IX. 

To find on what day of the week each month of the year begins. 

As it has been usual in tbe calendars to maik the seven days of the week with 
tbe first Seven letters of tbe alphabet, always calling the Ist of January A, the 
2d B, the 3(1 r, the 4th D, the 5th E, the Gth F, the 7th G, and so on throughout 
the year ; the etters answering to the first day of every month in the year, accoiding 
to this ipiuon, may be known by the following Latin verses : 

Astra Dnbit Dotninns, Gratisque Beabit Egenos, 

Gidtia C'liristicolse I'eret Aurea Dona Fidcdn 

Or by icse French verses . — 

Au Dieu De Gloire Bien Enpere ; 

Grand (3orur, Eaveur Aime De Faire. 

Or by the well known English ones : — 

At Dover Dwells George Brown Esquire, 

Good Caleb Finch, And David Frier. 

Where the first letter of each word is that belonging to the first day of each month, 
in the order from January to December. 

Now, as these letters, when the dominical letter is A, indicate the day of the 
week by the rank which they hold in the alphabet, it is evident in that case that 
January begins on a Sunday, February on a Wednesday, March on a Wednesday, 
April on a Saturday, and so on. But when the dominical letter is not A, count 
either backwards or forwards from the letter of the proposed month, till you come 
to the dominical letter of the year, and see how many days are between them ; for, 
as the dominical letter indicates Sunday, it will be ea^, by reckoning back, to find 
the day of the week corresponding to the letter of the proposed month. 

Thus, if it were required to find on what day of the week February 1802 began ; 
as the dominical letter of 1802 is C, and as the letter corre‘?ponding to February is D, 
which is the one immediately following C, in the order of the alphabet, it is evident 
that February began on a Monday. In like manner if April 1802 were proposed, as 
the letter G which belongs to that month is the third from C, the dominical letter, it 
may be readily seen that April 1802 began on a Thursday. 
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The day of the week on which any proposed month begins, may be found also by 
means of the following table : — 


MONTHS. 

A 

B 

C 

D 

E 

F 

G 

January 

Sunday 





Tues. 

Mond. 

February 

Wedn. 







March 

Wedn. 

Tues. 

Mond. 

Sunday 

Satur. 

Friday 

Thurs. 

April 

Satur. 

Friday 

Thurs. 

W’edn. 

Tues. 


Sunday 

May 

Mond. 

Sunday 

Satur. 




Tues. 

June 

Thurs. 

Wedn. 

Tues. 

Mond. 

Sunday 

Satui . 

Friday 

July 

Satur. 

Friday 

Thurs. 

Wedn. 

Tues. 

Mond. 

Sunday 

Aug%i8t 

Tiles. 

Mond. 

Sunday 

Satur. 

Friday 

Thurs. 

Wedn. 

September 

Friday 

Thurs. 

Wedn. 

Tues. 

Mond. 

Sunday 

Satur. 

October 

Sund. 

Satur. 

Friday 

Thurs. 

Wedn. , 

Tues. 

Mond. 

November 

Wedn. 

Tues. 

Mond. 

Sunday Satur. 

Friday 

Tluifh. 

December 

Friday 

Thurs. 

Wedn. 

Tues. 

]Moud. 

Sunday 

Satur. 


To use this tabic, look for the dominical letter of the given year at the top, and in 
the column below it, and opposite to each month will be found the da> on which it 
begins. Thus, as the dominical letter for 1802 is 0, it will be seen, by inspecting the 
table, that January began on a Friday, February on a Monday, March on a Monday, 
April on a Thursday, and so of the icst. 

PROBLEM X. 

To find what Months of the year have 3) days^ and those which have only 30. 

Raise up the thumb a (Fig. 15.) the middle finger c, and the little 
finger e, of the left hand ; and keep down the other two, viz. the 
fore finger b, which is next to the thumb, and the ring-finger d, which 
is betw'een the middle finger and the little finger. Then begin 
to count" March on the thumb a, April on the fore finger b, May on 
the middle finger c, June on the ring-fingt;r d, July on the little finger 
E, and continue to count August on the thumb, September on the fore- 
finger, October on the middle finger, November on the ring-finger, 
and December on the little finger; then beginning again continue 
to count January on the thumb and February on the fore-finger: all 
those months which fall on the fingers raised up a, c, e, will have 31 days ; and those 
which fall on the fingers kept down, viz. b and d, will have only 30, except February, 
which in common years has 28 days, and in bissextiles 29. 

The number of the days in each month may be known also by the following 
lines 

Thirty da>s hath September, 

April, June and Norember; 

AU the rent have tJiirty-one, 

Except February alone. 


Fiy. 15. 
























LUNAR YEARS, &C. 


problem XI. 

To find to what Month of»the Year any lunation belongs. 

In the Roman calendar, each lunation is considered as belonging to that month in 
which it terminates, according to this ancient maxim of the computists, 

Id quo complctur, mensi lunatio dctur. 

Hence, to determine whether a lunation belongs to a certain month of any given year, 
as the month of May 1693 for example ; having found, by Prob. 5, that the moon's 
age on the last day of May was 27 ; this age 27 shews that the lunation ends in the 
next month, that is to say in June, and consequently that it belongs to that month. 
It indicates also that the preceding lunation ended in tHe month of May, and there- 
fore belonged to that month. 


PROBLEM XII. 

To determine the JLunar Years which are common, and those which are embolismic. 

This problem may be readily solved by means of the preceding, from which we 
easily know that the same solar month may have two lunations. For two moons 
may end in the same month, which has or 31 days, as November, which has 30 ; 
or one moon may end the first of that month, and the following moon on the last or 
30th of the same month : this year then will have had 13 lunations ; and consequently 
will be embolismic. We shall here give an example. 

In the year 1712, the first moon having ended on the 8th of January, the second 
on the Cth of Februaiy, the thiid on the 8th of March, the fourth on the 6th of April, 
the fifth on the Cth of May, the 0th on the 4th of June, the seventh on the 4lh of 
July, the eighth on the 2d of August, the ninth on the 1st of September, the tenth on 
the 1st of October, the eleventh aUo on the 30th of the same month, the twelfth on 
the 29lh of November, and the thirteenth on the 28th of December; we know that 
this year, as it had thirteen moons, was embolismic. 

We know that all the civil lunar years of the new calendar, which begin on the 
fiist of January, are embolismic, when they have for epact 29, 28, 27, 26, 25, 24, 
23, 22, 21, 19; and also 18, when the golden number is 19. 

Thus we know, that in the year 1093, the opaet of which was 3, the lunar civil 
year was emhulisiiiic ; that is to say, had thirteen moons: this happened because the 
month of Aiigus.t had two lunations, one of which ended on the first, and the follow- 
ing one on the thirtieth of the same. 

PROBLEM XIII. 

An easy method of finding the Calends, Nones, and Ides, of any month in the year. 

The denomination of Calends, Nones, and Ides, was a singularity in the Reman 
Calendar ; and as these terms frequently occur in classical authors, it may be useful 
to know how to reduce them to our method of computation. This may be easily 
done by means of the three following Latin verses. 

Hrindpium tnc'nms cujunque vocato calendHs: 

Sex Mams uonas, Octuber, Julius et Mars ; 

Quator at reliqiti : dabit idus quidlibct octo. 

Which have been thus translated into French : 

A Mars, Juillet, Octobro et Mai 

Six Nones les gensont donnd; 

Aux antres mois quatre guardd; 

H uit Ides ^ toua accordd. 

The meaning of these vdrses is, that the first day of each month is always called 
the calends ; 
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Let it be required, for example, to find the indiction of the year 1802. If 3 he 
added to 1802, we shall have 1^, and if this sum be divided by 15, the remainder 
will be 5. Hence it appears that the indiction for 1802 is 5. 

Of the Julian Period ; and some other periods of the like kind. 

The Julian period is formed hy combining together the lunar cycle of 19 years, 
the solar of 28, and the cycle of indiction of 15. The first year of this period is 
supposed to be that which corresponded to 1 of the lunar cycle, 1 of the solar cycle, 
and 1 of the cycle of indiction. 

If the numbers 19, 28, and 15, be multiplied together, the product, 7980, will be 
the number of years comprehended in the Julian period; and we arc assuied by the 
laws of combination, that there cannot be in one revolution two of these years 
which have at the same time the same numbers. 

This period is merely an artificial one, invented by Julius Scaliger; but it is 
convenient on account of its extent, as we can refer to it the commencement of all 
known seras, and even the creation of the world, were that epoch certain; foi, 
according to the common chronology, it was only 3950 years before the Christian 
sera. But the commencement of the Julian period goes 4714 years beyond that aera; 
and hence it follows that the creation of the woild corresponds to the year7C4 of the 
Julian period. 

The method by which it is found that the year of the birth o- >» •> > 

the 4714th of the Julian period, is as follows. It is shi v. i 'l-Mili- 

tion, that if the three cycles, viz., the solar, lunar, ni*ii iiid» tioi., ' h.'on m 

use at the birth of Christ, the year in which he was borii uld have been the 2d 
of the lunar cycle, the 10th of the solar, and the fourth of the cycle of indiction. 
But these characters belong to the year 4714 of the above period, as will be seen in 
the following problem. That year therefore must be adapted to the year of the 
birth of Christ; from which if we proceed backwaids, calculating the intervals 
of anterior events, from the profane historians and sacied Scriptures, it will be found 
that there were 3950 years between that period and the creation of Adam. If 3950 
then be subtracted from 4714, the remainder will be 704 ; so that the Julian period 
is anterior to the creation of the world by 764 years. 


PROBLEM XVII. 

Any year of the Julian period being given ; to find the corresponding year of the 
lunar cycles the solar cychj and the cycle of indiction. 

Let the given year of the Julian period be 0522. Divide this number by 19, and 
the remainder 5, neglecting the quotient, will be the golden number; divide the 
same number by 28, and the remainder 26 will be the year of the solar cycle ; if 
6522 be then divided by 15, the remainder 12 will indicate the indiction. If nothing 
remains, when the given year has been divided by the number belonging to one 
of these cycles, that number itself is the number of the cycle. Thus, if the year 
6525 were proposed ; when divided by 15, nothing remains, and therefore the indic- 
tion is 15. 

But if it were required to find what year of the Christian aera corresponds to any 
given year of the Julian period ; such for example as 0522, nothing is necessary but 
to subtract from it 4714; the remainder 1808 will be the number of years elapsed 
since the commencement of the Christian sra. 

All this is so plain that it requires no farther illustration. 
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PROBLEM XYIII. 

Tht Lunar and Solar Cycles and the Cycle of Indiction corresponding to any year being 
given ; to find its place in the Julian period. 

Multiply the number of the lunar cycle by 4200, that of the solar cycle by 4845, 
and that of the indiction by 6916. 

Add together all these products, and divide the sum by 7980; the number which 
remains will indicate the year of the Julian pciiod.* 

Let the lunar cycle be 2, the solar 10, and the indiction 4 ; which is the character 
of the first year of the Christian aira. In this case 4200 X 2 = 8400 ; 4845 x 10 
= 48450; and 6916 x 4 = 27664; the sum of these products is 84514, which di- 
vided by 7980, leaves for remainder 4714. The )ear therefore in the Julian period, 
to which the above characters correspond, is the 4714th, or the origin of the Julian 
period is 4713 years anterior to the Christian icra. 

Remarks. — I. There is another period, called the Dionysian, which is the product 
of the lunar cycle 19, and the solar cycle 28; consequently it comprehends 532 years. 
It was invented by Dionysius Exiguus, about the time of the council of Nice, to in- 
clude all the varieties of the new moons and of the dominical letters; so that, after 
532 years, they were to recur in the same order, which would have been very con- 
venient for finding Easter and the moveable feasts; but as it supposed the lunar cycle 
to be perfectly correct, which is not the case, this period is no longer used. 

11. As among the cyeles of the Julian peiiod there is one, viz. that of indiction, 
which is meiely a political institution — that is to say, which has no relation to the 
motions of the heavcnlj bodies— it would have been of more utility perhaps, to substi- 
tute in its place that of the epacts, which is astionomieal, and contains 30 years . the 
number of years of the Julian period w^ould, in this case, have been 15960. Tliis 
period of 15960 years w'as called by the inventor of it, Father John Louis d’ Amiens, a 
Capuchin friar, the period of Louis the Otcat. But it does not appear that it met 
with that reception from chroiiologists, which the author expected. 

O f some Epochs or Periods celebrated in History. 

The first of these epochs is that of the Olympiads. It takes its name from the 
Olympic games, wdiicb, as i.s well known, w'cre celebrated with great solemnity every 
four years, aboiijt the w’inter solstice, thioiighoiit all Greece. These games weic 
instituted by Hercules ; hut having fallen into disuse, they weie revived by Iphitiis, 
one of the Herdelidae, oi descendants ot that hero, in the \eai 776 before Jesus Christ ; 
and after that time they eontinued to be celebrated with great regularity ; till the 
conquest of Greece by the Romans put an end to them. The cera or epoch of the 
Olympiads, begins therefore at the summer solstice of the year 776 before Christ. 

* The year of the Julian period may be foimd also by the following; general rule ; Multiply the 
golden number by 3780, and the indiction by 1064; aub'iuct the sum of these products fom the 
product of 4845 multiplied by the solar c>ole ; dnide the diflerence, if it can be done, by 7980, and 
the remainder will bt* the year of ttie Julian period. 

Tlie reason of this rule mny be found in tin- suhiiion of the following algebiaic |)robIem : To fiml a 
number which, divided by 28, shall leave for remainder a ; divide by 19, shall leave b\ and by 15, 
shall leave c. 

Call the three quotients, arising ftom the duision of the required niimlicr according to the teims 
of the piuhlein, x, x. Then the number will be =c 28 a.’ + a = 10 y + 6 = 15 s + c. From 

9x i-a—b 9x+a—b 

the first equation 28x + a=*l9y + o.w« have y t= or + .Now sinco jy — is an 

integer number, let us suppose it = m, then m — - — anda:*^2m + — » or making 

ae= «, or m = 19 n + « ■— A, we have, by substitution, x s=ss 19 n + 2 a — 2 b. There- 
fore 28 x + a = 532 n + b7 a — 50 h 15 s + r by the third quotient; and by n solving this 
equation in tho same manner, putting p and </ to denote the succes ive fractions, we shall find the 
number sought to be 15 * + c 7980 y + 4845 a — 37800 b — 1004 c. 

2 K 
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PROBLEM XIX. 

To convert years of the Olympiads into years of the Christian <Bray and vice versd, 

Ist. To solve this problem, subtract unity from the number of the olympiads, and 
multiply the remainder by 4 ; then add to the product the number of years of the olym- 
piad which have been completed, and from the last sum subtract 775; or, if the 
sum be less, subtract it from 776 : in the first case, the result will be the current 
year of the Christian sera, and in the second, the year before that sera. 

Let the proposed year, for example, be the third of the seventy-sixth olympiad. 
Unity subtracted from 76 leaves 75, which multiplied by 4 gives for product 300. 
The complete years of an olympiad, while the third is current, are 2 ; if 2 therefore 
be added to 300, we shall have 302. But as 302 is less than 775, we must subtract 
the former from 776, and the remainder 474, will be the current year before Jesus 
Christ. 

As a second example we shall take the 2d year of the 20l8t olympiad. If 1 be 
subtracted from 201, the remainder is 200; which multiplied by 4 gives 800, and 1 
complete year being added makes 801. But 775 subtracted from 801 leaves 2G; 
which is the year of the Christian aera, corresponding to the 2d year of the 201st 
olympiad. 

2d. To convert years of the Christian aera into years of the olympiads ; the number 
of years, if anterior to the birth of Christ, must be subtracted from 776 ; or, if i»os- 
terior to that period, 775 must be added to them : if the result be divided by 4, the 
quotient increased by unity will be the number of the olympiad ; and the remainder, 
also increased by unity, will be the current year of that olympiad. 

Let the proposed year, for example, be 1715. By adding 775, the sum is 2400; 
and this number divided by 4, gives for quotient 622, with a remainder of 2. TIk? 
year 1715 therefore w^as the 3d year of the 623d olympiad ; or more correctly, the 
last six months of the year I7l5, with the first six mouths of 1716, corresponded to 
the 3d year of the 623d olympiad. 

II. The sera of the Hegira is that used by the greater part of the followers 
of Mahomet : it is employed by the Arabs, the Turks, the various nations in Africa, 
&c. ; consequently, it is necessary that those who study their history, should be 
able to convert the years of the hegira into those of the Christian aera, and vice 
versd. 

For this purpose, it must be first observed, that the years of the hegira are nearly 
lunar ; and as the lunar year, or twelve complete lunations, forms 354 days 8 hours 
48 minutes; if the year were always made to consist of 3,54 or 3,55 day^,, the new 
moon would soon sensibly deviate from the commencement of the year. To prevent 
this inconvenience, a period of 30 years has been invented, in which there arc ten 
common years, that is to say of 354 days; and 11 embolismic, or of 355 dnys. The 
latter are the 2d, 5th, 7th, 10th, I3th, 15th, 18th, 21st, 24tb, 20th, and 29th. 

It is to be observed also, that the first year of the hegira began on the 15th of 
July 622, of the Christian sera. 


PROBLEM XX. 

To find the year of Hegira which corresponds to a given Julian year. 

To resolve this problem, it must first be observed that 288 Julian years form 
nearly 235 years of the Hegira. 

This being supposed, let us take, as example, the year 1770 of the Christian sera. 
Now as 621 years complete of our eera had elapsed when the hegira began, we must 
first subtract these from 1770, and the remainder will be 1149. We must then 
employ this proportion : if 228 Julian years give 235 years of the hegira, how many 
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will 1149 give, the answer will be 1184, with a remainder of 99 days. The year 
1770 therefore, of the Christian sera, corresponded, at least in part, to the year 1184 
of the hegira. 

On the other hand, if it be required to find the year of the Christian ®ra which 
corresponds to a given year of the hegira, the reverse of this operation must be em- 
ployed ; the number thence resulting will be that of the J ulian years elapsed since the 
commencement of the hegira; and by adding 621, we shall have the current year 
after the birth of Christ. 

We shall say nothing further on this subject, but terminate the present article 
with a few useful tables. The first contains the dates of the principal events 
recorded in history, and of the commencement of the most celebrated seras ; the 
second is a table of the golden numbers for every year from the birth of Christ to 
5600 ; the third a table of the dominical letters from 1700 to 5600 ; the fourth a 
table of the index letters for the same period ; the fifth a tabic of the epacts ; and 
the sixth a table of the calends, nones, and ides. 


A TABLE 


OF THE years OF THE MOST REMARKABLE EPOCUS OR JERA8 AND EVENTS. 


^ Remarkable Rventfl. 

The creation of the world 

The Deluge, or Noah’s flood 

Assyrian monarchy founded by Nimrod 

The birth of Abraham 

Kingdom of Athens founded by Cecrops 

Entrance of the Israelites into Canaan 

The destruction of Troy 

Solomon's temple founded 

The Argonautic expedition 

Lycurgus formed his laws 

Arbaces 1st king of the Medes 

Olympiads of the Greeks began 

Rome built, or Roman aura 

JEra of Nabonassar 

First Babylonish ‘Captivity by Nebuchadnezzar 

The 2d ditto and birth of Cyrus 

Solomon’s temple destroyed 

Cyrus began to reign in Babylon 

Peloponnesian war began 

Alexander the Great died 

Captivity of 100,000 Jews by Ptolemy 

Archimedes killed at Syracuse 

Julias Caesar invaded Britain 

He corrected the calendar 

The true year of Christ’s birth 

Christian JEra begins here.. 

Remarkable Events. 

Dionysian or vulgar mra of Christ’s birth 

Christ crucified, Friday April 3d 

Jerusalem destroyed 

Adrian’s wall built in Britain 

Dioclesian epoch, or that of Martyrs .... 

The council of Nice 

Constantine the Great died 


Julian 

Years 
of the 
world. 

Years 

before 

Chrint. 

706 

0 

4007 

2362 

1656 

2351 

2537 

1831 

2176 

2714 

2008 

1999 

3157 

2451 

1556 

3262 

2556 

1451 

3529 

2823 

1184 

3701 

2995 

1012 

3776 

3070 

937 

3829 

3103 

884 

3838 

3132 

876 

3938 

3232 

775 

3961 

3255 

752 

3967 

3261 

746 

4107 

3401 

606 

4114 

3408 

599 

4125 

3419 

588 

4177 

3471 

636 

4282 

3576 

431 

4390 

3684 

323 

4393 

3687 

320 

4506 

3800 

207 

4659 

3953 

54 

4667 

3961 

46 

4709 

4003 

4 


Julian 

Period.| 

Years 
of the 
world. 

1 Years 
Binco 
Chrf<t. 

4713 

4007 

0 

4746 

4040 

S3 

4783 

4077 

70 

4833 

4127 

120 

4997 

4291 

284 

5038 

4332 

325 

5050 

4344 

337 
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Ueiiiarkable Event*. 

The Saxons invited into Britain 

He^ra or flight of Mohammed 

Death of Mohammed 

The Persian yesdegird 

Sun, moon, and planets seen from the earth 

Art of printing discovered 

Constantinople taken by the Turks 

Reformation begun by Martin Luther .... 
The calendar corrected by Pope Gregory 

Sir Isaac Newton born 

Made president of the Royal Society .... 
Died, March 20th 


Julian 

Period 

Yeat^ 
of the 
world. 

Year* 

since 

Christ, 

6158 

4452 

445 

5335 

4629 

662 

5343 

4637 

630 

6344 

4638 

631 

5899 

5193 

1186 

6153 

5447 

1440 

6166 

5460 

1453 

6230 

5524 

1517 

6205 

5589 

1582 

6355 

5649 

1642 

6416 

5710 

1703 

6440 

5734 

1727 


TABLE OF SOME OTHER REMARKADLE EVENTS, RELATING CHIEFLY TO THE 


Use of bells introduced into churches f)0.5 

Alexandrian library destroyed, and Egypt conquered by the Saracens 041 

Organs first used in churches CflO 

Glass invented by a bishop, and hi ought to England by a Benedictine monk. . 

Arabic ciphers introduced into Europe by the Saracens ^ 991 

Astronomy and Geography brought to Europe by the Moors 1 1‘>0 

Silk manufacture introduced at Venice from Greece 1209 

Spectacles invented by a monk of Pisa 1299 

The mariner’s compass invented or improved by Plavio 1002 

Gunpowder invented by a monk of Cologne 1300 

The art of weaving cloth brought from Flanders to Ejigland 1001 

Cannon first used in the English service by the Governor of Calais 1380 

First company of linen-weavers settled in Eiighind 1080 

Cards invented for the amusement of the Frcneh king 1091 

Algebra brought to Europe from Arabia 1400 

Great guns first used in England at the siege of Berwick 1405 

Paper made of linen rags invented 141 T 

Printing invented in Germany 1441 

Engraving and etching invented 1459 

Cape of Good Hope discovered 1488 

Geographical maps and sea charts brought to England 1489 

America discovered by Columbus 14-92 

Algebra taught by a Friar at Venice M95 

First voyage round the world by Magellan 1522 

Variation of the compass discovered by Cabot 1.540 

Iron cannon and mortars made in England 1.540 

Glass first manufactured in England 557 

First proposal of settling a colony in America 58.0 

Bomb-shells invented at Venloo 588 

Telescopes invented by Jansen, a spectacle-maker of Holland 500 

Art of weaving stockings invented by Lee in Cambridge 51K) 

Watches brought to England from Germany .507 

Thermometers invented by Drebbcl, a Dutchman 10 iO 

Galileo first observed three of Jupiter’s satellites, January 7ih 1010 

Logarithms invented by Lord Napier of Scotland 1014 

Circulation of the blood discovered by Hervey 1019 

Gazettes first published at Venice lOik) 
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Transit of Mercury over the sun’s disc first observed by Gassendi, Nov. 17tb. 1031 

Galileo condemned by the inquisition 1633 

French academy established, January 1G35 

Transit of Mercury observed by Cassini, Nov. 11th 1636 

Polcmoscope invented by Hevelius 1637 

Transit of Venus observed by Horrox, November 24th 1639 

Barometers invented by Torricelli 1643 

Royal academy of painting founded by Louis XIV 1643 

Galileo first applied the pendulum to clocks 1649 

Air-pump invented by Otto Giieric of Magdeburg 1654 

Huygens first discovered a satellite of Saturn, March 25th 1655 

Royal Society of London established, July I5th 1663 

Royal Academy of inscriptions and belles-lettres founded 1663 

Academy for sculpture established in France 1664 

The observatory of Paris founded 1664 

Magic lantern invented by Kirchcr 1665 

Academy of sciences established in France 1666 

Cassini discoveied 4 of Saturn’s satellites in the course of a few years 1671 

The royal observatory at Greenwich built 1676 

The anatomy of plants made known by Grew 1680 

The Newtonian philosophy was published 1686 

The academy of sciences founded at Berlin 1701 

Academy of sciences established at Petersburgh 1724 

Aberration of the fixed stars discovered and accounted for by Bradley 1727 

Tiansit of IMercury observed by Cassini, Nov. llth 1736 

Academy of sciences founded at Stockholm 1750 

New style inti oduced into Great Britain, Sept. 3d, being reckoned Sept. 14th 1752 
British Museum established at Montague-House, by an act of parliament .... 1753 

Transit of Venus over the sun, June (Jth 1760 

Ro)ul academy of arts established at London 1768 

Transit of Venus over the sun’s disk, June 3d, 1769 1760 

EMINENT BRITISH PHILOSOPHERS AND MATHEMATICIANS. 

Died. 

Arbuthnot, John, M.D. 1705 

Bacon, Roger, philosopher 1294 

Bacon, Lord, ditto 1626 

Barrow, Isaac, mathematician 1677 

Boyle, Robert, pbil 1691 

Brerewood, Edward, pbil. and math 1613 

Briggs, Henry, math 1630 

Cheyne, George, phys. and pbil 1748 

Clark, Samuel, pbil. and math ^. 1729 

Cook, James, navigator 1779 

Dcrham, William, philosopher 1735 

Dudley, Sir Robert, pbil. and math 1639 

Evelyn, John, phil 1706 

Ferguson, James, pbil. and mech 1776 

Graham, George, math, and mech 1751 

Gregory, James, prof. St. Andrew’s 1675 

Gregory, David, prof. Oxford, astronomy 1708 

Gunter, Edmund, astron 1626 

Hales, Stephen, phil 1761 

Halley, Edmund, astron 1742 
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Died. 


Harriot, Thomas, math 1621 

Harrison, John, inventor of the time-keeper 1776 

Harvey, William, phys. discoverer of the circulation of the blood 1657 

Horrox, Jeremiah, astron 1641 

Keil, John, math, and astron 1721 

Locke, John, phil 1701 

Long, Robert, astron 1770 

Lyons, Israel, math 1775 

Maclaurin, Colin, math 1746 

Newton, Sir Isaac, math, and phil 1727 

Pell, John, math 1685 

Pemberton, Henry, phil 1771 

Ray, John, phil 1705 

Simpson, Thomas, math 1761 

Watts, Isaac, phil. and math 1748 

Whiston, William, astron 1752 

Wilkins, John, phil 1672 

Wren, Sir Christopher, math. . . ; 1723 


TABLE OF THE GOLDEN NUMBERS, 

FOR EVERY YEAR SINCE THE BIRTH OF CHRIST TO THE YEAR 5600. 
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that'iH, the last years 
of each centuiy. 
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TABLE OF THE DOMINICAL LETTERS, 

FROM 1700 TO 6600. 


(Jentenary years ; 
that 18 , ttie last 
yf>ars of each 
century. 

1700 2100 
2500 2900 

3300 370<^ 

4100 4500 

4900 6300 

1800 2200 
2600 3000 

3400 3800 

4200 4600 

5000 5400 

1900 2300 

2700 3100 

3500 3900 

4300 4700 

5100 6500 

2000 2400 

2800 3200 

3600 4000 

4400 4800 

6200 6600 

Intermediate 

yeais. 

c 

E 

G 

BA 

1 

29 

57 

85 

B 

D 

F 

G 

2 

30 

58 

86 

A 

C 

£ 

P 

3 

31 

69 

87 

G 

B 

D 

E 

4 

32 

60 

88 

FE 

AG 

CB 

DC 

5 

33 

61 

89 

D 

F 

A 

B 

6 

34 

62 

90 

C 

E 

G 

A 

7 

35 

63 

91 

B 

D 

F 

G 

8 

36 

64 

92 

AG 

CB 

ED 

F£ 

9 

37 

65 

93 

F 

A 

C 

D 

10 

38 

66 

9t 

E 

G 

B 

C 

11 

39 

67 

95 

D 

F 

A 

B 

12 

40 

68 

96 

CB 

ED 

GF 

AG 

13 

41 

69 

97 

1 

A 

C 

E 

F 

14 

42 

70 

98 

• G 

B 

D 

E 

15 

43 

71 

99 

F 

A 

C 

D 

16 

44 

72 


ED 

GF ! 

BA 

CB 

17 

45 

73 


C 

£ 

G 

A 

18 

46 

.74 


B 

D 

P 

G 

19 

47 

75 


A 

C 

E 

F 

20 

48 

76 


GF 

BA 

DC 

ED 

21 

49 

77 


E 

G 

B 

C 

22 

50 

78 


D 

F 

A 

B 

23 

61 

79 

1 

C 

E 

G 

A 

24 

62 

80 


BA 

1 DC 

FE 

GP 

25 

63 

81 


G 

£ 

D 

E 

26 

54 

82 


F 

A 

C 

D 

27 

65 

83 


E 

G 

B 

C 

28 

66 

84 


DC 

FE 

AG 

BA 
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TABLE OF THE INDEX LETTERS, 

FROM 1700 TO 5600. 


c 

1700 

Metemptosis.* 

P 

3700 

Met. 

c 

1800 

Met. & proemptoeis, f 

n 

3800 

Met. 

B 

1900 

3Met. 

n 

3900 

Met. and proem. 

B 

2000 

Bissextile. 

n 

4000 

Bissextile. 

B 

2100 

Met. and proem. 

m 

4100 

Met. 

A 

2200 

Mel. 

1 

4200 

Met. 

u 

2300 

Met. 

1 

4300 

Met. and proem. 

A 

2400 

Bissexi. and proem. 

1 

4400 

Bissextile. 

u 

2500 

Met. 

k 

4500 

Met. 

t 

2600 

Met. 

k 

4600 

Met. and proem. 

t 

2700 

Met. and proem. 

i 

4700 

Met. 

t 

2800 

Bissextile. 

i 

4800 

Bissextile. 

s 

2900 

Met. 

i 

4900 

Met. and proem. 

s 

3000 

Met. and proem. 

h 

6000 

Met, 

r 

3100 

Met. 

g 

6100 

Met. 

r 

3200 

Bissextile. 

h 

6200 

Bissext. and proem. 

r 

3300 

Met. and proem. 

g 

5300 

Met. 

q 

3400 

Met. 

t 

5400 

Met. 

P 

3500 

Met. 

f 

6600 

Met. and proem. 

q 

3600 

Bissext. and proem. 

f 

5600 

Bissextile. * 


* Metempt()Mi8, or the solar equation, in tlie siippresnion of a day. Ttiere was a metemptosis iq 
the year 1800, berauso that year, which ouRht iiatiiially to have been bissextile, was not so. Since 
the reformation of the calendar it takes place three times lu 400 years. 

t Pmemptosis, or the lunar equation, is the anticipation of the new moon. There is a proemptoeis 
in about erery 300 years, becaaae the new moon takes place then a day sooner than it ought to do. 
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■ 

A TABLE OF THE CALENDS, NONES, AND IDES. 

M 

April, June, Sept., 
November. 

January, Au^t, 
December. 

March, May, July, 
October. 

February, 

1 

Oalendse. 

Calendae. 

Calendas. 

Calendas. 

2 

IV 

IV 

VI 

IV 

3 

111 

III 

V 

III 

4 

Prid. Non. 

Prid. Non. 

IV 

Prid. Non. 

5 

Nonas. 

Nonas. 

III 

Nonas. 

6 

VIII 

VIII 

Prid. Non. 

VIII 

7 

VII 

VII 

Nonas. 

VII 

8 

VI 

VI 

VIII 

VI 

9 

V 

V 

VII 

V 

10 

IV 

IV 

VI 

IV 

11 

III 

III 

V 

III 

12 

Prid. Id. 

Prid. Id. 

IV 

Prid. Id. 

13 

Idus. 

Id ns. 

III 

Idns. 

14 

XVIII 

XIX 

Prid. Id. 

XVI 

15 

XVII 

XVIII 

Idiis. 

XV 

16 

XVI 

XVII 

XVII 

XIV 

17 

XV 

XVI 

XVI 

XIII 

18 

XIV 

XV 

XV 

XII 

19 

XTII 

XIV 

XIV 

XI 

20 

XII 

XIII 

XIII 

X 

21 

XI 

XII 

XII 

IX 

22 

X 

XI 

XI 

VIII 

23 

IX 

X 

X 

VII 

24 

VTTI 

IX 

IX 

VI 

25 

VII 

VIII 

VIII 

V 

26 

VI 

VII 

1 VII 

IV 

27 

V 

VI 

VI 

III 

28 

IV 

V 

V 

Prid. Cal. 

29 

30 

31 

III 

Prid. Cal. 
Mensis sequen- 
tis. 

IV 

III 

Prid. Cal. 

Mens. seq. 

IV 

III 

Prid. Cal. 

Mens. seq. 

Martii. 


USE OF THE FOREGOING TABLES. 

IsL Table of the Golden Numbers. 

This table contains the centenary years, that is to say, the last years of each 
century, arranged in cells at the top, and the intermediate years in the ten cells on 
the left hand. The centenary years which have the same golden number, are placed 
*in different cells, but below each other in a line, as 1800, 3700, 5600. The golden 
numbers belong, some to the centenary years, and others to the intermediate years. 
The former are placed in a row by themselves below the centenary years, and are 
as follow: 1, 6, 1), 16, 2, 7, 12, 17, 3, 8, 13, 18, 4, 9, 14, 19, 5, 10, and 15. The 
latter will be found in a line with the intermediate years distributed in 80 different 
cells. 
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L Now to find the golden number of a centenary year, for example 1800; first 
look for the centenary year in the cell to which it belongs, and immediately below 
it, in the row at the bottom standing by itself, will be found 15, which was the 
golden number of that year. 

11. To find the golden number of an intermediate year, 1802 for example. Find 
the centenary year 1800 in its proper cell, and the intermediate year 2 in the cells on 
the left hand ; then on a line with 2, and exactly below 1800, will be found 17, the 
golden n umbel of 1802. 

2d. TithU of the Dominical Letters, 

The centenary years are arranged in this table, as in the preceding, in the four 
cells at the top, and the intermediate years in the seven cells on the left. All the 
centenary years which have the same dominical letter are arranged together in one 
cell. Those which have C for dominical letter in the first, those which have E in 
the second, those which have G in the third, and those which have B A in the 
fourth. As in 40 centenary years, the number comprehended in this table, there are 
10 bissextiles, these 10 years have been placed in the fourth cell, and the other 30 in 
the first three. The intermediate years placed horizontally in the same cell, differ 
by 28 years, because the solar cycle contains only that number. Thus the difference 
between 1 and 29 in the first cell, is 28, and the case is the same with 29 and 57, &c. 
Each collateral cell contains four perpendicular rows, consisting each of four num- 
bers, because a bissextile recurs every four years. The four first dominical letters, 
in the four upper cells, viz., B, D, F, G, correspond to the numbers I, 29, 57, 85, 
in the first cell of intermediate years ; the case is the same with the dominical letters 
ill the next row, A, C, E, F, in regard to the numbers 2, 30, 58, 80 ; and so on 
throughout the table. 

I. To find the dominical letter of a centenary year, 1800 for example. Look for 
1800, which stands in the second cell at the top, and immediately below it will be 
found the letter £. 

II. To find the dominical letter of an intermediate year, as 1802. First find the 
centenary year 1800 in its pioper cell; then look for 2 among the intermediate years, 
on a line with which, and below the cell containing 1800, will be found the letter C. 

3. Table of the Index Letters, and Table of the Epacts, 

The use of the first of these tables will readily appear, when we have explained 
the nature of the second. The table of the cpacts contains the golden numbers in 
the horizontal column at the top ; the index letters arc arranged in the first perpendi- 
cular column, and the epacts in columns parallel to it. Now if the epact of any year 
be required ; first find the golden number of the proposed year, and in the table 
of index letters, the letter corresponding to the century ; then look for the same 
letter in the table of the epacts, and also for tbe golden number at the top ; and on 
a line with the index letter, and directly below the golden number, will be found the 
epact required. , 

Let it be proposed, for example, to find the epact of 1802, the golden number 
of which is 17* Look in the table of the index numbers, and it will be found that 
the letter corresponding to 1800 is C ; then find C in the first column on the left 
of the table of cpacts ; and on a line with it, and directly below xvii among the 
golden numbers, will be found xxvi, the epact of the year 1802. The epact of any 
other year, till the year 5600, may be found in like manner. 
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4th. Table of the Calendst NoneSf and Jdes, 

This tabic rcrjunes little explanation: look for the giren month at the top, and 
in the column below it, and opposite to the proposed day, will be found the corres- 
ponding day of the Roman calendar. The day of our calendar, corresponding to any 
given day of the Roman calendar, may be found with the same ease. 
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PART SEVENTH. 

CONTAINING THE MOST USEFUL AND INTERESTING PROBLEMS IN 
GNOMONICS OR DIALLING. 


Gnomonics, or Dialling, is the art of tracing out on a plane, or even on any surface 
whatever, a sun-dial; that is, a figure, the diffeicnt lines of which, when the sun 
shines, indicate, by the shadow of a style, the different hours Of the day. This 
science depends therefore on Geometry and Astronomy, or at least on a knowledge 
of the sphere. 

As many people construct sun-dials without having a clear idea of the principle 
which «ci ves as a basis to this part of the Mathematics, it may not be improper to 
begin with an explanation of it. 

The General Principle of Sun-dials. 

Conceive a sphere, with its twelve horary circles or meridians, which divide the 
equator, and consequently all its parallels, into 24 equal parts. Let this sphere be 
placed in a situation suited to the position of the dial ; that is, let its axis be directed 
to tin pole of the place for which the dial is constructed, or elevated at an angle 
equal to the latitude. Now it we suppose a horizontal plane cutting the sphere 
through its centre, the axis of the spheie will represent the ‘^t>le, and the different 
intersections of the horary circles with that plane will be the hour-lines ; for it is 
evident, that it the planes of these ciicles w'cre infinitely produced, they would form 
ill the celestial sphere the horary circles, which divide the solar revolution into 

twenly-foul equal parts. When the sun 
thciefoie has arrived at one of these cir- 
cles, that of three in the afternoon for 
example, he will be in the plane of the si- 
milar circle of the sphere above mentioned ; 
and the shadow of the axis or style will 
fall upon the line of intersection which 
that circle forms with the horizontal plane ; 
this line then will be the line of 3 o’clock ; 
and so of the lest. 

All this is illustrated in Fig. 1, which 
represents a pait of the spheie, with six 
of the horary circles, p p is the axis, in 
which all these circles intersect each othei ; 
A II B A the horizontal plane, or horizon 
of the sphere, indefinitely continued ; a b 
the meridian ; d e the diameier of the 
equator, which is in the meridian ; d ii e A 
the circumference of the equator, of which 
D H £ is a half, and o h a quarter. This 
quarter of the equator is divided into six 


Fiff, 1. 
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^lud ptrisi D 1» 1 2, 2 3» 8 4,4 5»5 6, and tbrough these pass the horary circles, the 
plapes of which eyidentiy cut the horizon in the lines o I, c 2, c fl. c 4, c 5, c 6 : 
these are the hour-lines » and if we suppose them continued to a r, which is perpen- 
dicular to the meridian c a, they will give the hour-lines c i, o ti, c iit, c iv, c v, o ti. 
The style will he a poition c s of the axis of the sphere ; which consequently ought 
to form with the meridian, and in its plane, an angle a c A, equal to the height of the 
pole or p c A.< 

Should this reasoning appear too dry and tedious, another method may be em- 
ployed to acquire a clear idea of the principles of dialling. Construct a solid sphere, 
divided by its twelve horary circles, and cut it in such a manner that one of its poles 
shall form with the plane of the section an angle equal to the height of the pole 
of the given place. 

If the sphere, cut in this manner, he then made to rest on a horizontal plane, with 
its pole directed towards the pole of the world, the points where the horary circles 
intersect the horizontal plane, will be readily seen ; and the common section of all 
the circles, which is the axis, will shew the position of the style. 

For the sake of illustration, we have here supposed the section of the sphere to be 
formed by a horizontal plane ; but if the plane were vertical, the case would be 
similar, and the lines of intersection would be the hour-lines of a vertical dial. If tha 
plane be declining or inclining, we shall have a declining or inclining dial : it piay 
even be easily seen that this holds good in regard to every surface, whatever be its 
form, convex, concave or irregular, and whatever may be its position. 

The style is an iron rod, generally placed in an inclined direction, the shadow 
of which serves to point out the hours: as before said, it is a portion cs of the 
axis of the sphere; and in that case it shews the hour by the shadow of its whole 
length. 

An upright style, however, such as s q, i'^ sometimes given to dials , but in that 
case it is only the shadow' of the summit 8 that indicates the hour, because this 
summit is a point of the axis of the sphere. 

The centre of the dial is the point c, where all the hour-lines meet. It sometimes 
happens however that these do not meet. This is the case in dials which have 
their plane parallel to the axis of the sphere ; for it is, evident that in such dials 
the intersections of the hoiaiy circles must he parallel lines. These dials are called 
dials without a centre. Vertical east and west diak, and diulb turned directly towaids 
the south, and inclined to the horizon at an angle equal to the latitude, or which 
if produced would pass through the pole, are of this number. 

The meridian line, as is well known, is the intersection of the plane of the meri- 
dian with the plane of the dial; when the plane of the dial is vertical, it is always 
perpendicular to the horizon. 

The substylar line is that marked out by the plane perpendicular to the plane 
of the dial, passing through the style. As this line is ot great importance in de- 
clining dials, it is necessary to have a very distinct idea ot it. For this purpose, 
conceive a perpendicular let fall on the plane ot the dial, from any point in the style ; 
and that a plane is made to pass through the style and the perpendicular: this plane, 
which will necessarily be perpendicular to that of the dial, will cut it in a line passing 
through the centre, and through the bottom ot the perpendicular, and this line will 
be the substylar line 

This line is the meridian of the plane; that is, it shews the moment at which the 
elevation of the sun above that plane is greatest. Care however must be taken not 
to confound this meridian with the meridian of the place, or the south line of the 
dial ; for the latter is the intersection of the plane of the dial with the meridian 
of the place, which is the plane passing through the zenith of the place and the pole ; 
whereas the meridian of plane of the dial, is the intersection of that plane 
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with the meridian, or the horary circle passing through the pole and the senith of the 
plane. 

In the horisontal plane, or any other which has no declination, the suhstyle and 
the meridian of the place coincide ; but in every plane not turned directly towards 
the south or the north, these lines form greater or less angles. 

Lastly, the equinoctial is the' intersection of the plane of the equator with the 
dial : it may easily be seen that this line is alwap perpendicular to the rtibstyle. 

PROBLEM I. 

7b find the Meridian Line on a horizontal plane* 

To find the meridian line is the basis of the whole art of constructing sun-dials ; 
but as it is at the same time the basis of all astronomical operations, and as we have 
already treated of it in that part of this work which relates to astronomy, it would 
be needless to repeat here what has been already said on the subject. We shall 
therefore confine ourselves to one ingenious and little-known operation. 

We shall give also hereafter a method of determining the position of the meridian 
line at all times, and in all places, provided the latitude be known* 

PROBLEM II. 

To find the Meridian hy the observation of three unequal shadows. 

The meridian line on a horizontal plane is found generally by means of two equal 
shadows of a perpendicular style ; the one observed in the forenoon and the other in 
the afternoon. For this purpose, several concentric circles are described from the 
bottom of the style; but notwithstanding this precaution, it may happen that it will 
be impossible to have tw'O shadows equal to each other. This inconvenience how- 
ever may be remedied by three observations instead of two. For this ingenious 
method, w^e are indebted to a very old author on Gnornonics, named Muzio oddi da 
UtbiiWf w'ho published it in atieatise entitled “ Gli Orologi solari nelle supeiticie 
plane.’’ This author was exceedingly devout ; for he -piously thanks our Lady of 
Loretto for having communicated to him, by inspiration, the precepts be has taught 
in his work The operation is as follows. 

Let p (Fig. 2.) be the bottom of the style, and 
p s its height ; and let three shadows projected 
by it be p a, i> b, and p c ; which suppose to be 
unequal, and let p c be the shortest of them. 
From the point p draw pd, pe, and pr, per- 
pendicular to p A, p B, and PC, and all equal to 
each other, as wtII as to p 8. Di aw also the 
lines DA, EB, and pc, on the two largest of 
which, viz. da and k b, assume dg and eh 
equal to F c ; then from o and ii draw g i and 
H K, perpendiculars to p A and p », and join the 
points 1 and k by an indefinite line : make i m 
and K L perpendicular to i k, and equal to g i and k h ; and draw m l, which will 
meet i k in the point n ; if through n and c the line c n be drawn, it will be perpen- 
dicular to the meridian ; consequently by drawing, from p, the line p o perpendicular 
to c N, it will he the meridian required. 

As the demonstration of this problem would be too long, we must refer the 
reader to the fifth book of a work by Schootten, entitled “ Exercitatiunes Mu- 
thematiem.” 


Fig. 2. 
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PROBLEM in. 

To find the Meridian on a planCy or the euhatylar line* 

After what has been already said, in regard to the substylar line, this operation 
will be easy ; for since this line is the meridian of the plane, nothing is necessary but 
to consider it as if it were horizontal, and to trace out on it the meridian by the same 
method: the line resulting will be the substyle, the determination of which is very 
necessary for constructing inclined of declining dials, and those which are both at the 
same time. 


PROBLEM IV. 


To describe an Equinoctial Dial. 

From any point c (Fig. 3.) as a centre, describe a 
jRy. 4. circle a e d B ; and having drawn the two diameters 



intersecting each other at right angles in the centre 
c, divide each quadrant into six equal parts ; and 
draw the radii cl, c 2, c 3, and so on, as seen in the 
figure. These radii will shew the hours by menus 
of a style perpendicular to the plane of the dial, 
which must be placed in the plane of the equator ; 
that is, in such a manner as to form with the horizon 
an angle equal to the complement of the latitude. 
The line ab must coincide with the plane of the 
meridian, and in north latitude the point a must be 
directed towards the south. 


J?emarAs.— I. When this equinoctial dial is erected, if the hour-lines look towards 
the heavens, it is called a superior dial, but if they are turned towards the earth, an 
inferior. 

II. A superior equinoctial dial shews the hours of the day only in the spring and 
summer ; and an inferior one only duniig the autumn and winter ; but at the equi- 
noxes, when the sun is in the equator, or very near it, equinoctial dials are of no 
use, as at those periods they are never illuminated by the sun. 

III. At London the elevation of the plane of the equator is 38” 29^, which i& the 


complement of the elevation of the pole: the angle therefoie which the plane of an 
equinoctial dial at London ^should form with the horizon, ought to be 38“ 29". 

IV. It hence appears that it is easy to construct an univcisal equinoctial dial, which 
may be adjusted to any elevation of the pole whatevei. For this purpose, join 
together two pieces of ivory, or copper, or any other matter, a b c d and c b k f. 
Fig. 4. (Fiy. 4), by means of a hinge at c n : then describe on 



the two surfaces of the piece a b cl), two equinoctial dials; 
and in the centre i jlaee a style extending both ways in 
a direction perpendicular to A b c B. At o, in the middle 
of the piece c d e f, fix a magnetic needle, covered with 
a plate of glass, and towards the edge of the same piece 
apply a quadrant H L divided into degrees, and passing 
through an aperture h, made to receive it in the upper 
^ piece A BCD. The degrees and minutes must begin to 


be counted from the point l. 


When this dial is to be used, place the needle in the meridian, making a proper 
allowance for the variation ; and cause the two pieces a b c d and c d £ f to form an 


angle b c f, equal to the elevation of the equator at the given place ; that is, equal 
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to the complement of tbe latitude. If care be then taken to turn the quadrant 
towards tbe south, either of these equinoctial dials will shew the hours at that place, 
except on the day of the equinox. 


PROBLEM V. 

Construction of the most important of the other regular Dials, 

Regular dials are those which have the hour lines, forming equal angles on each 
side of the meridian: these dials therefoie are^ the equinoctial, the horizontal, the 
north and south vertical, and the polar. Having already spoken of the equinoctial 
and horizontal, we shall now proceed to the noi th and south vertical dials. 


Tig, 5. 


Of the South Vertical Dial. 

If the vertical dial be turned directly towards the south ; then make tbe angle e c k 
or the arc E K (Fig. 5.) equal to tbe height of the pole ; if c K v be then 
made a right angle, the point v will be the centre of the dial ; and tbe 
angle c vk, which will then be equal to the complement 4)f the latitude or 
of the elevation of the pole, will denote the angle which the style, in the 
plane ot the meridian, ought to form with the plane of the dial. 

Of the North Vertical Dial. 

If the vertical dial be north, make, os before, the angle o c k (Fig. 5.) 
equal to tbe height of the pole, and the angle c A h a right angle : the point 
H will be the centre of the dial; and the angle c iih will be that which 
tbe style forms with the meridian. The style, instead of being inclined downwards, 
must be turned in a contrary direction, as may be readily conceived when we consider 
the position ot the pole in regard to a vertical plane turned directly towards the 
north. 


PROBLEM VI. 

Of Vertical East and West Dials. 

Next to the dials already described, the simplest are those which diiectly front the 
east or the west. The method of constructing them is as follows : — 

Draw the horizontal line H R, (Fig. 6 ) 
and assume it in any point p, for the bottom 
of the style, the upper extremity of which 
is intended to shew the hours. At the 
point P, make, towards the left for an east 
dial, and towards the right for a west one, 
the angle h P e, equal to the comple- 
ment of the latitude of the pole above 
the horizon ; and continue b P to n. The 
line E N will be the equinoctial. Then 
through the point p draw the line c a, 
in such a manner as to form with the 
line H R the angle a p h, equal to the 
elevation of the pole ; then a c, which 
will intersect the equinoctial e n at right 
angles, will be the hour-line of VI in the 
morning, and also the substylar line. 

When these lines have been traced out, the hour lines may be drawn in the 
following manner. In the substylar line a c, assume a point a, at any distance from 
the point p according to the intended size of the dial ; and from a, as a centre, describe 
K semicircle of any radius at pleasure. Divide this semicircle into twelve equal parts* 

2L 


Fig. 6. 
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beginning at the point p, and then from the centre a draw dotted linC'' tlirougli each of the 
points of division in the semicircle, till they meet the equinoctial i x: if lines pnndlel 
to the substylar line be then drawn through the points where tin sc dotted lines cut 
the equinoctial, they will be the hour lines required, the substylui line being that of 
▼I in the morning. The parallels above the substylar line, in the east dial, will cor- 
respond to IV and v in the morning; those below it to vii, vin, &r. in the afternoon. 


%. 7. 



The style, the hgure of which is seen in Fig. 7. is placed 
parallel to the line of vi, on two supports raised perpendicular 
to the plane of the dial, and at a distance above it equal to that 
of VI. hours from ni or from ix. It is here evident that a 
west is exactly the same as an east dial, only in a contrary situ- 


Fig.S. 



ation (Fig. 6.) ; but instead of marking on 
it the morning hours, as iv, v, vi, &c., you 
must inscribe on it those of tbe afternoon, 
as I, II, HI, IV, &c. If an east dial be traced 
out on a piece of oiled paper, and if the 
paper be then inverted, but not turned 
upside down, on holding it between you 
and the light, you will sec a west dial. 

It may be easily seen that these dials 
cannot shew tbe hour of noon ; for the 
sun does not begin to illuminate the latter 
till that hour, and the former ceases to be 
illuminated at the same period. 


PROBLEM VII. 

To desdibe a horizontal or a vertical South Dial, without having occasion to find ihi 
horary points on the equinoctial. 

Fig. 9. Let the line a b (Fig. 9.) be the mcri- 

diaii of tbe dial, which w'c suppose n hori- 



zontal one; and let c be its centre: make 
the angle n r b equal to the elevation of 
the pole, in older to find the position of 
the style, and from the point n, assumed at 
pleasure, but in such a manner that c b 
shall be of a pioper length, draw ii v per- 
pendicular to cn. If we conceive the 
triangle n r c raised vertically above the 
plane of the dial, it wdll represent the 
style. 

From the point c, w'itli the radius cn, 
describe a circle ii i> a r; and from the 
same centre, with the ladiusBf, de.scribe 


another circle M q n i*. 


Divide the whole circumference of the first circle into 24 equal parts, ii o, oo, o o, 
&c., and then divide the second circle into the same number of equal parts, n r, r b, 
&c. : from the points of division o, of the great circle, draw lines perpendicular to 
the meridian ; and from the corresponding points r of the less circle, draw lines 
parallel to that meridian. These parallels and perpendiculars will meet in certain 
points, which will serve to determine the bour-lines. For example, the lines o3, 
r 3, which proceed from the third of tbe corresponding points of divison, will meet 
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in the point 3 ; through which if c 3 be drawn, it will be the position of the line of 3 
o’clock ; and so of the rest. 

It is evident that the larger the circles, the more distinct will be the intersections 
formed by the lines drawn through the points of division o and r. 

It is remarkable that all these points of intersection are found in the circumference 
of an ellipse, the greater aids of which is equal to twice c b ; and the less p a to 
twice r n, or twice b f. 

The reason of this construction will be easily discovered by geometricians. 



PROBLKM VIII. 

To trace out a Dial on any plane whatever t either vei tical or inclined, declining or not, 
on any surface whatever, and even without the sun shining* 

This problem, as may be seen, comprehends the whole of Gnomonics ; and the 
operation may be practised by any person who knows how to find the meridian, and 
to construct an equinoctial dial. The solution of it is as follows. 

Having made the necessary 
preparation (Fig. 10.), trace 
out a meridian line on a table, 
accordingto the method taught 
in the first problem ; and by 
means of this meridian, place 
an equinoctial dial in such a 
situation, tliat the plane of it 
shall be raised at the proper 
angle ; that is, at an angle 
equal to the elevation of the 
equator, or complement of the 
latitude, and that its south 
line shall coincide with the 
above meridian. Adjust along 
tho axis a piece of packthread, which being stretched shall meet the plane on which 
tin dial is to be described : the point where it meets this plane is that where the 
8t>le or axis ought to be placed, as to form one straight line with the packthread 
and the style of the equinoctial dial. 

When this is done, and when the axis of the dial has been fixed, hold a candle or 
taper before the equinoctial dial, in such a manner, that the style shall shew noon ; 
the shadow projected, at the same time, by the packthread, or the axis of the dial 
about to be constructed, will be the south line. You must therefore assume a point 
which, together with the centre, will determine that line. If you then change the 
position of the taper, so that tlie equinoctial dial shall shew one o’clock, the shadow 
projected by the packthread, or the axis of the proposed dial, will be the hour-line 
of 1 ; and so of the lest. 



Remarks I. If the plane, on which the dial is to he desciihed, be situated in 

such a manner that it cannot be met by the axis continued, according to the pre- 
ceding method, two supporters must be affixed to the plane, for the purpo'^e of re- 
ceiving a rod of iron, so as to make one line with the packthread ; and the operation 
may then be performed as above described. 

II. Instead of an equinoctial dial, a horiaontal one may be employed ; provided it 
be placed in such a manner, that the south line corresponds with the meridian which 
has been traced out. 

Ill This operation may be performed in the day time when the sun shines. In 
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ibis ea»e you must employ a mirror, tbe reflection of wbicb will produce the sume 
effect as tbe taper or caudle. 


PROBLEM IX. 

To describe a Vertical Dial on a pane of glQSs,t which will shew the hovrs without a style 
by means of the solar rays. 

Ozaiiam relates that be once constructed a vertical declining dial on a pane of glass 
in a window, which had no st)le; and by which the hours could be known when the 
sun shone. 

I detached, says he, from the window frame on the outside a pane of glass, and 
described upon it a vertical dial, according to the declination of the window' and the 
height of the pole above the horizon ; taking as the height of the style the thickness 
of tbe window frame. 1 then fixed the pane of glass against the frame in the inside ; 
having given to the meridian line a situation perpendicular to the horizon, as it 
ought to have in vertical dials. I then cemented to the window frame on the out- 
side, opposite to the dial, a piece of strong paper, not oiled, in order that the surface 
of the dial might be more obscure. And that I might be able to know the hours 
without the shadow of a st)le, I made a small bole in the paper with a pin, opposite 
to the bottom of the st)lc, which 1 had marked out. As this hole represented tlie 
extremity of the style, the rays of the sun passing fhiough it formed on the glass a 
luminous point ; which, while the rest of the dial was obscure, indicated the hours 
in an agreeable manner. 


PROBLEM X. 

Jn any latitude^ to find the Meridian by or " observation of the sun, and at any hour of 

the day. 

Piovide an exact cube, each side of which is about 8 inches; and describe on the 
upper face a horizontal dial, adapted to the latitude of the place. On the vertical 
face, w'hich stands at right angles to the meridian of this dial, describe a vertical one , 
on the adjacent face to the left an east dial, and on the opposite one a west dial, each 
of which must be furnished with the proper stjle. 

When yon are desirous of finding the meridian on a horizontal plane, place this 
quadruple dial on it, so that the vertical one shall nearly face the south ; and gra- 
dually turn it till three of these dials all shew the same hour : when this takes place, 
you may be assured that the three dials are in their proper position. If a line be 
then drawn with a pencil, or other instrument, along one of the lateral sides of tbe 
cube, it will be in the true direction of the meridian. 

It is indeed evident that these three dials cannot shew the same hour, unless they 
are all placed in a proper position in regard to the merid’an ; their concurrence there- 
fore will shew that they are properly placed ; and that their common meridian is the 
meridian of the place. 


PROBLI M XT. 

To construct a Dial on the convex surface of a globe. 

This dial, which is the simplest and most natunil of all, is formed by dividing the 
equatorial circle into 24 parts. If a globe be placed on a pedestal, in such a man- 
ner that its axis shall be in the plane of the meridian, and exactly elevated according 
to the height of the pole of the place, nothing then will he necessary to complete the 
dial, but to divide its equator into 24 equal paits. 

Tbe globe (Fig. 11.) in this state, may be used without any farther apjiaratus ; for 
one half of it being enlightened by the sun, the boundary of the illumination will 
exactly follow on tbe equator, tbe motion of the sun from east to west. At noon, 
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it will fall on tboee points of the equator turned directly 
to the east and west. At one o’clock, it will have 
advanced ; and so on. To render this globe then 
fit for being employed as a dial ; vi must be inscribed at 
the division which corresponds with the meridian ; vii 
at the following one, and so of the rest ; so that the 
twelfth will be exactly in the point turned towards 
the west ; then i, ii, m, &c. will be under the hori- 
zon. Nothing then will be necessary but to observe 
what division corresponds with the boundary of the 
light and shadow; for the number belonging to that 
division will be the hour. 

This dial however is attended with a very great inconvenience : as the boundary 
between tbe light and shadow is always badly defined, it cannot be piecisely known 
where it terniinatcb ; it will therefore be better to employ this dial in the following 
manner. 

Adapt to this globe a half meridian, made of a piece of flat wdre, 7 or 8 lines in 
breadth, and half a line in tljiekne‘>s, and moveable at pleasure around its axis, which 
must be the same as that of the globe. Then, when you wish to know the hour, 
move the half meridian in such a manner, that it hball project the least shadow pos- 
sible, and this shadow w'ill shew the hour on the equator. In this case however it is 
evident that theiiumbeis naturally belonging to the points of division in the meri- 
dian, should he inscribed on them ; that is, xii at the ineiidian, i at the following 
division, tow^ards the west, and «o on. 


11 . 



PROBLEM XIT. 

AnvtJicr kind of Dial, m an Armillary Sphete. 

Fig, 12, This dial is equally simple as the preceding, and is 

attended with this advantage, that it may servo by 
W’^ay of ornament in a garden, 

Ooneeivc on armillaiy sphere (Fig. 12.) consisting 
only of its two coluies, its equator, and zodiac, and 
fiiinislied wnth an a\is passing through it. If we sup- 
pose tins spheie to be placed on a pedestal, in such 
a in. inner that one of it® colnres shall supply the 
place of a meridian, and that its axis shall be directed 
towards the pole of the plaee, it is evident that the 
shadow of this avis, by its uniform motion, will shew 
the hours on the equator. If the equator therefore 
he divided into 24 equal paits, and if the numbers 
belonging to the hours be inscribed at these divisions, 
the dial will be constructed. 

But as the equator, in general, is not of suf- 
fieient thickness, the hours imi®t he marked on 
the inside of the zone which represents the zodiac, and wliich, on that account, 
should be painted white. But in this case, care must be taken not to divide 
each quarter of the zodiac into equal parts ; for the shadow of the axis, which passes 
over equal ares on the equator, w'ill pass over iincqihil ones on the zodiac ; these 
divisions will he narrower towards the points of the greatest declination of that 
circle; so that the division in the zodiac nearest to the solstitial eolures, instead 
•of IS**, which are equal to the interval of an hour on the equator, ought to compre- 
hend only 13*45'; the second 14° 15'; the third 15*2(y; the fomtU IS** 25' ; the fifth 
15” 55'; and the sixth, or nearest the equinoxes, 16” 20', It is in this manner that 
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the zodiacal band, on which the hours arc marked, must be divided ; otherwise there 
will be several minutes of error; but each interval may be divided into four equal 
parts for quarters, without any sensible error. Transversal lines may then be drawn 
through the breadth of the zodiac, taking care to make them concur in the pole. 
We have seen dials of this kind constructed by ignorant artists, who paid no atteii* 
tion to the above remark, and which therefore were very incorrect. 

PROBLEM xni. 

To construct a Solar Dial^ hy means of which a blind person may know the hours. 

This may appear a paradox ; but we shall shew that a sun-dial might be erected 
near an hospital for the blind, by which its inhabitants could tell the hours of the 
day. 

If a glass globe, 18 inches in diameter, be filled with water, it will have its focus 
at the distance of 9 inches itom its surface; and the beat produced in this focus 
wdll he so considerable, as to i)e sensible to the hand placed in it. This focus also 
will follow the coiuse of the sun, since it will always be diametrically opposite to it ; 
and therefore to construct the proposed dial, wc may proceed as follows. 

Let the globe be surrounded l>v a portion of a concentric sphere, 9 inches distant 
from its surface, and compieheiidi' j; onlv the two tropics, with the equator, and the 
two meridians or colurcs ; and let Jie whole be expo^e(l to tlie sun in a proper posi- 
tion; that is, with the axis of the globe parallel to that of the eaith. 

Lit each of the tropics and the equator be divided into 24eqiMl parts; and let the 
cori’es})onding parts be connected b;y a small bar, repicsenting a portion of the hour 
riiclc comprehended between the two tropics. By these means all the horary circles 
will be represented in such a manner, that a blind person can count them, beginning 
at that w’hicb coi responds to noon, and which may be easily distinguished by some 
particular form. 

When a blind person then wishes to know the hour by this dial, he W’ill first put 
his hand on the meiidian, and count the houi circles on the bars which represent them ; 
W'beii he comes to the bar on which the focus of the solar rays fall, he will readily 
pirceive it by the heat, and cou^'cqueiitly will know' liow many hours have elapsed 
since noon ; oi liow’ many must clapM* befoic it be noon. 

Each iiitenal betw'ceii the pnncip.il bars, that indicate the hours, may be easily 
divided by smaller ones, in order to have the half hours and quarters. 

PROULKM XTV. 

Method of nrrunging a IJoi izontal Dial, constructed for any particular latitude^ in such 
a manner as to make it shew the hours in any place of the earth. 

Every dial, foi wliatt ver latitude constructed, may be disposed in such a manner 
as to shew the hour exactly in any given place; hut wc shall here eonfiiie ourselves 
to a horizontal dial, and shew how it may be employed in any place wbatever. 

1st. If the latitude of the place be Ic-s or greater than that of the place for which 
the dial has been constructed, after exposing it in a proper manner, that is, with its 
meridian in the meridian of the place, and its axis turned tow'ards the north, nothing 
will be necessary but to incline it till its axis forms with the horizon an angle equal 
to the latitude of the place in which it is to be used. I'hus, for example, if it lias 

been constructed for the latitude of Paris, 
which is 49® 50', and you wish to employ 
it at London, in latitude 51*31'; as the 
difference of these two places is 1*41', the 
plane of the dial must make with the ho- ^ 
lizon an angle of 1*41', as seen in the 
figure (Fig. 13.), where sn is the meridian, 


Fig. 13. 
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A BCD file plane of the dial, and a be, ot ah the angle of the inclination of that 
plane to the horizon. If the latitude of the primitive place of the dial be leas than 
that of the place for which it is used, it must be inclined in a contrary dhrection. 

2d. When the second method of rendering a horizontal dial universal is employed, 
the hour-lines must not be described on it, but only the points of division in the 
equinoctial line. In regard to the style, it must be moveable, in the following man- 
ner. Let ABC (Fig. 14.) represent 
the triangle in the plane of the meri- 
dian, where n b c is the axis or oMque 
style, and a b the radius of the equa- 
tor. The style must be moveable, 
though it always remain in the plane 
of the meiidian, so that the radius 
A B of the equator, having a joint in 
the point a, may form the angle b a c 
cqu il to s given angle ; that is, equal 
to the complement of the latitude. 
For this reason a groove must be formed in the meridian, so as to admit this triangle 
to be raised up or lowered, always remaining in the plane of the meridian. 

When every thing has been thus arranged, to adapt the dial to any given latitude, 
such as that of 51^*31', for example, take the complement of 51® 31', which is 38® 
2J)', and make the angle b a c = 38® 2{X. The then will be in the proper posi- 
tion, and the dial being exposed to the sun, with its meridian corresponding to the 
meridian of the plu'^e, the shadow of the stvle, which ought to be pretty long, will 
shew the hour at the place where it intersects the equinoctial. 

rnoBLRM XV. 

Method of const) ucting some Tables necessari/ in the following problems. 

There are three tables frequently employed in Gnomonics, and which we shall have 
occasion to make use of hereafter. These arc : 

1st. A table of the angles which the hour-lines form with the meridian on an 
horizontal dial, aeeording to the different latitudes. 

2d. A table of the angles which the azimuth circles, passing through the sun at 
different hours of the day, foim with the meridian, aceoiding to the different lati- 
tudes, and the sun’s place in the ecliptic. 

3(1. A table of the ftim’s altitude at different hours, on a given day, and in a place the 
latitude of which is given. 

From the latter is deduced the sunV zenith distance, at different hours of the day, 
in a given place, and on a given (lay; tor the sun’s zenith distance is always the 
complement of his altitude. 

The first of tlicse tables may be easily calculated by means of the following pro- 
jiortion : 

As radius is to the sine of the latitude of the given place, so is the tangent of the 
angle which measures the sun’b distance from the meridian, at a given hour, to the 
tangent of the angle which the hour-line forms with the meridian. 

By means of this analogy, we have calculated the following table, which wc conceive 
will be sufficient ; as it comprehends the whole extent of Great Biituin, and particu* 
larly the latitude of London. 


Bg, U. 
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A TABLE 

Ot THl ANOLB8 WHICH THE HOUR-LINES FORM WITH THE MERIDIAN ON A HORI* 
ZONTAL DIAL, FOR EVERY HALF OEQRBE OP LATITUDE, FROM 60" TO 6if* 80^ 



A. 

M. 

A. 

M. 

A. 

N. 

A. 

M. 

A. 

M. 

A. 

M 



I. 

XI. 

II. 

X. 

HI. 

IX. 

IV. 

VIll. 

V. 

VII. 

VI. 

VI. 

50* 


11* 

38' 

23 

= 51' 

37* 

27' 

53 

= 0' 

70° 4y 

90° 

0' 


ETim 

11 

41 

24 

1 

37 

40 

53 

11 

70 

61 

90 

0 

51 


11 

46 

24 

10 

37 

51 

53 

24 

70 

58 

90 

0 

5.1 

31 

11 

51 

24 

19 

38 

4 

53 

36 

71 

6 

90 

0 

52 


11 

55 

24 

27 

38 

14 

53 

46 

71 

13 

90 

0 

52 

30 

12 

0 

24 

36 

38 

25 

53 

58 

71 

20 

90 

0 

53 


12 

6 

24 

45 

38 

37 

54 

8 

71 

27 

90 

0 

53 

SO 

12 

9 

24 

54 

38 

48 

54 

19 

71 

34 

90 

0 

54 


12 

14 

25 

2 

38 

58 

54 

29 

71 


90 

o 

54 

30 

12 

18 

25 

10 

39 

8 

64 

39 

71 

47 

90 

0 

55 


12 

23 

25 

19 

39 

19 

54 

49 

71 

63 

90 

0 

m 


12 

28 

25 

27 

39 

29 

54 

59 

71 

59 

90 

El 

56 


12 

32 

25 

35 

39 

40 

55 

8 

72 

5 

90 

n 

56 

30 

12 

36 

25 

43 

39 

50 

55 

18 

72 

12 

90 

0 

57 


12 

40 

25 

51 

39 

69 

55 

27 

72 

17 

90 

0 

67 

30 

12 

44 

25 

58 

40 

9 1 

55 

37 

72 

22 

90 

0 

58 


12 

48 

26 

5 1 

40 

18 1 

55 

45 

72 

27 

90 

0 

58 

30 

12 

52 

26 

13 

40 

27 , 

55 

64 

72 

33 

90 

0 

59 


12 

56 

20 

20 

40 

36 I 

56 

2 

72 

39 

90 

0 

59 

30 

13 

H 

26 

27 

40 

45 * 

66 

10 

72 

44 

90 

0 


We have not marked, ui this table, the angles formed by the lines v hours in the 
morning and Vii hours in the evening, iv hours in the morning and viii in the evening, 
because these lines are only a continuation of others : for example, that of hours in 
the morning, is the continuation of rv in the evening; that of viii hours in the 
evening is the continuation of vin in the morning ; and so of the rest. 

The use of this table may be easily comprehended. If the place for which a hori- 
zontal dial is required, corresponds with any latitude of the table, such as 52 for 
example, it may be seen at one view, that the hour>lines of xi and i must form, with 
the meridian, an angle of 11® 55', at the centre of the dial; that of x and nan 
angle of 24® 27'; and so of the lest. 

If the latitude be not contained in the tabic, the proportional parts may be taken 
without any sensible error. Thus, if it were required to find the angle which the 
hour-line of i or xi forms with the meridian, on a dial for the latitude of 54* 15' ; as 
the difference of the horary angles, for 54* and 54* SCf, is 4', take the half of 4, and 
add it to 12° 14', which will give 12° 16' for the horary angle between the hours of i 
or XI and the meridian, on a dial for the latitude of 54* 15'. The same operation 
may be employed for the other horary angles. 

It is necessary to observe that this table, though constructed for horizontal dials, 
may be used also for vertical south or north dials ; for it is evident that a south verti- 
cal dial, for any particular place, is the same as a horizontal dial for another, the lati- 
tude of which is the complement of the former. Thus a south vertical dial for the 
latitude of London 51* 31', is the same as a horizontal dial for the latitude of 38° 29', 
and vice versa. 

It is in the construction of these vertical dials that the utility of such tables will 
be most apparent ; for as these dials are in general very large, the common rules of 
Onoroonics cannot easily be applied to them. To remedy this inconvenience, when 
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the centre and equinoctial of the dial have been fixed, assume, as radius, that part 
of the meridian comprehended between the equinoctial and the centre, and divide it 
into 1000 parts ; then find in some table, or by calculation as above shewn, for the 
given latitude — that is, for its complement if a vertical dial is to be constructed, the 
tangents of the angles which the hour-lines form with the meridian, at i, n, 

HI, TV, &c., and lay them off on both sides on the equinoctial : the points 
where they terminate will be the horary points of i and xi hours, n and t 
hours, &c. 

Let us suppose, for example, that a south vertical dial is to be constructed for. the 
latitude of 51* 81', the complement of which is 38® A vertical south dial for 
lat. 51® Sr, may be considered as a honzontal dial for the latitude of 38P 
But the angles which the hour-lines form with the meridian on a horizontal dial, 
for that latitude, are 9® 28' ; 19® 46' | 31® 53' ; 47® 9^ ; OS' ; 90® O' ; the tangents 
of which, radius being divided into 1000 parts, are 166, 359, 622, 1078, 2321, 
vifitiite. If the portion of the meridian therefore, comprehended between the centre 
and the equinoctial, he divided into 1000 parts, and if 166 of these parts be set off on 
each side of the meridian, we shall have the points of xi and I hours; if 359 parts 
he then laid off in the same manner, we shall have the points of X and u hours; 
and *.0 of the rest. Straight lines drawn from the centre, to each of these pointy 
will be the hour-lines. 

The list tangent, which corresponds to n hours, being infinite, indicates that the 
hour-line corresponding to it must be parallel to the equinoctial. 

In order to give an idea of the constmetion of 
the second table, let the circle M b if i> (Pig. 15.), 
represent the horizon of the place ; t its zenith, F 
the pole, z b the azimuth circle passing through the 
sun, and p s a the horary circle in which the sun is 
at any proposed time of the day; it is here evi- 
dent, that if the hour be given, the angle z PS is 
known; that the day of the year being given, the 
sun's distance from the equator is known, and 
consequently the arc p s, which in our hemisphere 
ife the fourth part of a great circle, minus the sun's 
declination, if It be north, or plus that declination, if it be south; and lastly, 
that if the elevation of the pole be given, the arc p z which is its complement, is 
also known. In the spheiical triangle zps, we have therefore given the arcs z p 
and p a, with the included angle z r s ; and hence we may find the angle p z s, which 
siihti acted from 180 degrees, will leave the angle mzb or mob, the sun's azimuth 
from the south. 

In the same triangle, we can find the side z s, the complement of the sun’s altitude 
at the same time ; and consequently the altitude itself. 

By these means, the following tables have been constructed, for the latitude of 
London 51® 31', Those who are tolerably versed in spherical trigonometry, may 
easily construct similar tables for any other latitude. 
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A TABLE OF TUE SUN’s AZIMUTH FROM THF SOUTn, AT HI'' ENTRANCE INTO 
EACH OF THE TWELVE SIGNS, AND AT EACH UUUll OF THE DAY, FOR lllE 
LATITUDE OF LONDON, 51® .‘JT. 
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XI. 1 
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X. II 

50 

50 

, 48 

7 

42 

9 

36 

25 

31 49 

28 53 

27 49 

IX. Ill 

68 

11 

1 

22 

58 

48 

51 

57 

46 3 

42 7 

40 39 

Till. IV 

82 

2 

, 79 

27 

72 

55 

65 

41 1 

59 0 

54 24 


Vll. V 

93 

54 

91 

25 , 

85 

28 

78 

10 

71 8 



VI. VT 

105 

7 

102 

54 

97 

8 

90 
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V. Vll 
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5 

114 

5 1 
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A TABl H OF THE SUN's ALTITUDE AT HIS I NTRANCK INTO LATH OF TllH TWELVE 
SIGNS, AND AT EACH HOUR OF THE DAY, FOR THE LATITUDE 01 LONDON 51° 
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48 

2 
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37 
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III 
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35 

52 
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7 
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8 
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8 
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PROBLEM XVI. 

The sun*s altitude , the day of the mouthy and the elevation of the pohy being given ; to 
find the hour by a geometrical construction. 

We give this construction merely as a geometrical curiosity ; for it is certain that 
the same thing can be performed with much greater accuracy by calculation. How- 
ever, as the solution of this problem forms a very ingenious example of the graphic 
solution of one of the most complex cases of spherical trigonometry, we have no 
doubt that it will afford gratihcatioii to our readers ; or at least to such of them as 
are sufficiently versed in geometry to comprehend it. 

Let us return then to Fig. 15, in which pz represents the complement of the lati- 
tude or elevation of the pole , z s the complement of the sun’s altitude, which is 
known, being given by the supposition ; and p s the suii^s distance from the pole, 
which is also given, since the declination of the sun, or his distance from the equator 
each day, is known. In the triangle z Ps therefore, there are given the three sides, 
to find the angle z p s, the hour angle, or angle which the horary circle, passing 
through the sun, forms with the meridian. This case then is one of those in sphe- 
rical trigonometry, where the three sides of an oblique triangle being given, it is re- 
quired to find the angles ; and which may be solved geometrically in the following 
manner. 

In the circumference ot a circle, which must be sufficiently large to give quarters 
of degrees, (Fig. 15 and 16), assume an arc equal to p z, and draw the two radii c p 
and c z. On the one side of this arc make p s equal to the arc p s, and on the other 
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z R equal to the arc z s : from the points r and s let 
fall, on the radii Pc, cz, two perpendiculars sxand 
R V, which will intersect each other in some point x ; 
then, if s T be radius, we shall have T x for the cosine 
of the required angle, which may be constructed in 
the tollowing manner ; 

From the centre T, with the radius xs orxs, 
which is equal to it, describe a quadrant, compre- 
hended between tp and xx continued; if x y be 
then drawn parallel to T p, the arc y s will be the one 
required, or the measure of the hour angle e P z ; 
therefore y t x will be equal to that angle. 

By a similar construction we might find the angle 
z, the complement of which is the sun’s azimuth; 
but this is sufficient in regard to an operation which is rather curious thaij useful. 

ThU construction is much simpler and far more elegant, than that given by Oza- 
nain, li)r the solution of the same problem. 

GNOMONICAL PARADOX. 

Every sun-dial, however accurately constructed, is false, and even sensibly so, in regard 
to the hours near sun-set. 

The truth of what is here asserted, will be readily perceived by astronomers, who 
are acquainted with the effects of refraction. The following observations will make 
it sensible to our readers. 

It is a fact now well known to all philosophers, that the heavenly bodies always 
appear more elevated than they really are, except when they are in the zenith. This 
phenomenon is produced by the refraction, which the rays of light, proceeding from 
them, experience in the atmosphere ; and the effect of it is very considerable in the 
neighbourhood of the horizon ; for when the centre of the sun is really on the horizon, 
he still appears to be elevated more than half a degree, or 33 minutes, which in our 
latitudes is the quantity of the horizontal refraction. The centre of the sun then is 
really on the horizon, and astronomically set, when his lower limb does not touch the 
horizon, but is still distant from it an apparent semi-diameter of the sun. 

Let us’ suppose then, that on the day of the equinox, for example, the hour indi- 
cated by a vertical west-dial, near the time of sun-setting, has been observed at the 
moment when a well regulated clock strikes six : the shadow of the style ought to 
be on the hour of six, and it would indeed be so if the sun were on the horizon ; hut 
being elevated 33 minutes above the horizon, the shadow of the style will be within 
six hours, for it is by the apparent image of the sun that this shadow is formed: it 
will even not roach that line till the sun has still descended 33', for which he will em- 
ploy, in the latitude of London, about 3m. 28s. of time. But, in a sun-dial, an error 
of 3m. 26s. is more than sensible. 

If the sun be ut the summer solstice ; as be employs in the latitude of T-nmlon 
more than 4' to descend vertically 33 minutea on the horizon, on account of the 
obliquity with which the tropic cuts that circle, the difference will be more 
as the space passed over by the shadow between the hours of seven and eight, ia auffl. 
ci. ntly great to suffer an error of a twelfth or a fifteenth to be very perceptible. We 
have seen, on a dial of this kind, the point of the shadow, which ought to have 
on the line of seven o’clock, more than an inch distant fiom it ; though at all the 
other hours of the day the dial was very exact, and corresponded with an 
watch which was compared with it. 


iXg. 16. 
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PROBLEM XVII. 


To describe a Portable Dial on a Quadrant* 

As the construction of this dial depends also on the sun’s titude at each hour of 
the day, in a determinate latitude, according to his place in te zodiac, the tables 
before mentioned must be employed here also. 


Let ABC then, ( Fig. 17.), be 
a quadiant, the centre of which 
is A. From the centre a de- 
scribe, at pleasure, seven qua- 
d I ants equally distant fiom each 
other, to represent the com- 
mencement of the signs of the 
zodiac ; the tirst and last being 
assumed as the tropics, and that 
in the middle as the equator. 
Mark on each of these paiallels 
of the signs, the points of the 
hours, according to the altitude 
which the sun ought to have at 
these hours, which may be found 
in the table above mentioned. 
To determine, for example, the 
point of n in the afternoon, or x in the morning, for the latitude of London, when 
the sun enters Leo ; as the table shews that the sun’s altitude is at that time 50“ 56', 
make in the proposed quadrant the angle b a o equal to 50“ 56', and the place where 
the parallel of the commencement of Leo is intersected by the line a o, will be the 
required point of ii in the afternoon and x in the morning. 

Having made a similar construction for all the other hours, on the day of the sun’s 
entrance into each sign, nothing will be necessary but to join, by curved lines, all the 
points belonging to the same hour, and the dial will be completed. Then fix a small 
perpendicular style in the centre a, or place on the radius a c, or any other line pa- 
rallel to it, two sights, the holes of which exactly correspond; and from the centre a 
suspend a small plummet by means of a silk thread. 

When you use this instrument, place the plane of it in such a manner as to be in 
the shade ; and give such a direction to the radius that the shadow of the small style 
shall fall on the line a c, or that the sun’s rays shall pass through the two holes of 
the sights ; the thread from which the plummet is suspended will then shew the hour, 
by the point where it intersects the sun’s parallel. 

To find the hour with moie convenience, a small bead is put on the thread, but in 
such a manner as not to move too freely. If this bead be shifted to the degree and 
sign of the sun’s place, marked on the line a c, and if the instrument be then directed 
towards the sun, as above mentioned, the bead will indicate the hour on the hour- 
line which it touches. 

Remark . — To render this dial more commodious, it will be better, instead of the signs, 
to mark the days of the month on which the sun enters them. For example, instead of 
markingthe small circle with the sign yr ,niark December 21 ; close tothe second place on 
one side January 21, instead of rm, the sign of Aquaiiiis; and on the other November 
21, instead of / , the sign of Sagittarius, Ac. ; for if we suppose the equinoxes inva- 
riably fixed at the 21 st of March and the 21 st of September, the days on which 
the sun enters the different signs of ttie zodiac will be nearly the 2lst of each month : 
to use the dial, nothing will then be necessary but to know the day of the month. 


r%g. 17. 
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PROBLEM XVIII. 

To describe a Portable Dial on a card. 

This dial is generally called the Capuchixi, because it resembles the head of a Capu- 
chin friar with the cowl inverted. It may be described on u small piece of pasteboard, 

Having described a circle, Fig. 18, 
at pleasure, the centre of which is a, 
and the diameter b 12, divide the cir- 
cumference into 24 equal parts, or at 
every 15 degrees, beginning at the di- 
ameter B 12. If each two points of 
division, equally distant from the di- 
ameter B 12, be then joined by parallel 
lines, these parallels will be the hour- 
lines ; and that passing through the 
centre a, will be the line of six 
o’clock. 

Then at the point 12, make the 
angle b 12 T equal to the elevation of 
the pole, and having drawn through 
the point T, where the line 12 T inter- 
sects the line of 6 o’clock, the inde- 
tinite line 25 w, perpendicular to the 
line 12 T, draw from the extremities 
of the line 25 vr, the lines 12 25, and 
12 Vf, which will each make with the 
line 12 T, an angle of 23 J degrees, 
which is the sun’s greatest declination. 

The points of the other signs may be found on this perpendicular 25 Vf , by de- 
scribing from the point T, as a centre, through the points 25, Vf, the circumference of 
a circle, and dividing it into 12 equal parts, or at eveiy 30 degrees, to mark the com- 
mencement of the 12 signs. Join every two opposite points of division, equally dis- 
tant from the points 25, vi, by lines parallel to each other, and perpendicular to the 
diameter 25, vr : these lines will determine, on this diameter, the commencement of 
the signs ; from which, as centres, if circular arcs be described through the point 12, 
they will represent the parallels of the signs; and therefore must be marked with the 
appropriate characters as seen in the figure. 

A. slit must be made along (he line 25 w, to admit a thread furnished with a small 
weight, sufficient to stretch it ; and in w’hich it must glide, but not too freely ; so 
that its point of suspension can be shifted to any point of the line 25 vi at pleasure. 

These arcs of the signs will serve to indicate the hours when the sun shines, in the 
following manner: Having drawn at pleasure the line c w, parallel to the diameter b 
12, fix at its extremity c a small style in a perpendicular diiection, and turn the plane 
of the dial to the sun, so that the shadow of the style shall cover the line c Vf ; the 
thread and plummet being then freely suspended from the sun’s place, marked on the 
line 25 Vf , will indicate the hour on the arc of the same sign at the bottom. 

The thread may be fuinisbed with a small bead to be used as in the preceding 
problem. 

Remark . — This dial oiiginatcd from an universal rectilineal dial constructed by 
Father de Saint-Rigaud, a jesuit, and professor of mathematics in the college of 
Lyons, under the name of Analemma Novum, But though Ozannni has given a Con- 


or even a card, in the following manner. 
Fig. 18. 
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ipicuous place to it in his Recreations, as well as to another tuniversal rectilineal 
analemma, it appeared to us that his description of them was too complex to be ad> 
mitted into a work of this kind. 


PHODLEM XIX. 

Method of constructing a Ring-dial, 

Portable ring-dials are sold by the common instrument- makers; but they are very 
defective. The houis are marked in the inside on one line, and a small moveable 
band, with a hole in it, is shifted till the hole correspond with the degree and sign of 
the sun’s place marked on the outside. Such dials however, as already said, are 
defective ; for as the hole is made common to all the signs of the zodiac, marked on 
the cii cumference of the ring, it indicates justly none of the hours but noon; all the 
rest ^ill be false. Instead of this arrangement, therefore, it will be necessary to 
describe, on the concave surface of the ring, seven distinct circles, to represent us 
many parallels of the sun’s entrance into the signs ; and on each of these must be 
marked the sun’s altitude on his entrance into the sign belonging to the parallel 
to which the circle corresponds. When these points are marked, they must be 
joined liy curved lines, which will be the real hour-lines, as has been remarked by 


Deschales. 

Fig. 19. 



Having provided a ring. Fig. 19, or 
rather described a circle of the size ot the 
ring which is to be divided ; and having 
fixed on n as the point of suspension, make 
B A and II o, on each side of b, equal to 
61® .‘ir. for the latitude of the place, sup- 
po^e liondon, that is, equal to the distance 
of the zenith from the equator: then 
through the points a and o draw the chord 
A o, and A D perpendicular to it: if the 
line A 1*2 be then draw through a and the 
centre of the circle, the point 12 will 
be the hour of noon or the dav of the 
equinox. 

To find the other hour-points for the 
same day, at the commencement of Aries 
Libra; fiom theceiitie a describe the 
quadrant o i) , and from the point o, set otF 
toward p the sun’s altitude at the different 
hours of the day, as at i and ii, 2 and 10. 
&c. ; the lines drawn from the centre a 
through these points of division, if con- 
tinued to the circumference of the circle b 
1*2 A, will give the hum -points for the day 
of the equinox. 

To obtain the hour-divisions on the 
cirdcs corresponding to the other signs, 
first set off, on both sides of the point a 
Fig. 20, the sun’s declination when he 
enters each of the signs, viz. the arcs a e and 
A 1 of 23 degrees, for the commencement 
of Taurus or Virgo; of Scorpio or Pisces; 
A F of 40® 20' for the commencement of 
Gemini and Leo; a k equal to it for the 
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Mmmencement of S^itfaris and Aquarius; and a g and a l of 47 for the commence, 
merit of Cancer and Capricorn. 

Now to ftnd the hour-points on the circle, (that corresponding to the commencement 
ot Aquarius, for example,) through the point k, which corresponds to the sun’s entrance 
into that sign, draw k r parallel to ao, and also the line k 12 ; from the same point 
K describe, between k 12 and the horizontal line K p, the arc q r ; on which set off 
from R towards q, the sun’s altitude at the different hours of the day, when he 
enters Sagittarius and Aquarius, as seen in the figure; and if lines be then drawn from 
K to these points of division, you will have the hour-points of the two circles corre- 
spending to the commencement of Sagittarius and Aquarius. By proceeding in the 
same manner for the sun’s entrance into the other signs, you will hare the hour- 
points or the circles which correspond to them. 


Then trace out, on 
the concave surface of 
the circle, seven pa- 
rallel circles (Fig. 
21.), that in the mid- 
dle for the equinoxes ; 
the two next on each 
side for the com- 
mencement of the 
s’gns Tauius and Vir- 
go, Scorpio and Pisces ; 
the following two on 
the right and left for 
Gemini and Leo, Sa- 
gittarius and Aqua- 
rius ; and the last two 
for Cancer and Capri- 
corn : if the similar 
hour-points be then 
joined by a curved line, 
the ring-dial will be 
completed. 

The next thing to be done, is to adjust properly the hole which admits the solar 
rays ; for it ought to be moveable, so that on the day of the equinox it may be at the 
point A ; on the day of the summer solstice at g ; on the other days of the year in 
the inlcrinediatc positions. Foi this puipose the exterior part of the ring cb d must 
have in the middle of it a groove, to receive a small moveable ring or hoop, with a 
hole in it. Ihe divisions l, k, i, a, k, f, g, must be marked on the outside ot this 
part of the ring by parallel lines, inscribing on one side the ascending signs, and on 
the other the descending: when this constiuction has been made, it will be easy to 
place the hole ot the moveable part a on the pioper division, or at some intermediate 
point ; for if the ring be pretty large, each sign may be divided into two or three 
parts 

To know the hour, move the bole a to the proper division, according to the 
sign and degree of the sun’s place ; then turn the instrument in such a maiuier 
that the sun s rays, passing through the hole, may fall on the circle corresponding to 
the sign in which the sun is : the division on which it falls will shew the hour. 



IRsvfiatk, — I. To render the use of this instrument easier, instead of the divisions 
of the signs, the days corresponding to the commencement of the signs might be 
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marked out on it ; for example, June 21 instead of 25 ; April 20 , August 20, instead 
0 and to;, and so on. 

IL The bole a might be fixed, and the roost proper position for it would be that 
which we orignally assigned to the day of the equinox ; but in this rase, the hour of 
noon, instead of being found on a horizontal line, for all th«’ circles of the signs, 
according to the preceding method, would be a curved line ; and all the other hour- 
lines would be curved lines alsa As this would be attended with a ronsideralde 
degree of embarrassment and difficulty, it will be better, in our opinion, that the bole 
A should be moveable. 

PROBLEM XX. 

How the shadow of a style^ on a Sun-dial, might go backwards, without a miracle. 

This phenomenon, which on the first view may appear phi sirally impossible, is 
however very natural, as we shall here shew. It was first remarked by Nonius or 
Nugnez, a Portuguese mathematician, who lived about the end of the sixteenth cen- 
tury. It is founded on the following theorem. 

In all countries, the zenith of which is situated between the equator and the frojiic, 
as long as the snn passes beyond the zenith, towards the appmeiit or elevated pole, 
he arrives twice before noon at the same azimuth, and the same thing takes place in 
the afternoon. 

F/g. 22. Let z (Fig. 22./ 

he the zenith of any 
place situated be- 
tween K the equa- 
tor, and r ibe point 
thiough which the 
sun passes on the 
day of the summer 
solstice ; let the 
circle B A Q fi K H 
represent the hori- 
zon ; R B Q one 
half of the equator; 

T F the eastern part 
of the tropic above 
the horizon, and g 
T the western part. 
It is here evident, 
that from the zenith 
z there may be 

drawn an azimuth circle, such as z i, which shall touch the tropic in a point o, for 
example : and which shall fall on the horizon In a point i, situated between the 
points Q and r, which are those where the horizon is intersected by the equator and 
the tropic ; and, for the same reason, there may be drawn another azimuth, as z H, 
which shall touch in o the other part of the tropic. 

Let us now suppose that the sun is in the tropic, and consequently rising in the 
point F ; and let a vertical style, of an indefinite length, be erected in c. Draw also 
the lines i c K, and p c n ; it is evident that at the moment of sun-rise the .shadow 
of the style will be projected in c k ; and that when the sun has arrived at the point 
of contact o, the shadow will be projected in c k. While the sun is passing over 
V o, it will move from c n to c k, but when the sun has reached the meridian, the 
shadow will be in the line c b ; it will therefore have gone back from c K to c B : 
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fronn gunrising to noon then it will have gone from c n to c k, and from c k to c b ; 
consequently it will have moved in a contrary or retrograde direction, since it 
first moved from the south towards the west, and then from the west towards 
the south. 

Li*t us next suppose that the sun rises between the points F and i. In this case 
the parallel he describes before noon will evidently cut the azimuth z i in two points ; 
and therefore, in the course of a day, the shadow will first fall within the angle kcl; 
it will then proceed towards c k, and even pass beyond it, going out of the angle; 
but it will again enter it, and, advancing towards the meridian, will proceed thence 
towards the east, even beyond the line c i., from which it will return to disappear 
with the setting of the sun within the angle lcb. 

It is found by calculation, that in the latitude of 12 degrees, when the sun is in 
the tropic on the same side, the two lines c n and c K form an angle of 9® 48'; to 
pass over which the shadow requires 2 hours 7 minutes, 

PROBLEM XXI. 

To construct a Dial, for any latitude, on which the shadow shall retrograde, or move 

backwards. 

For this purpose incline a plane, turned directly south, in such a manner, that its 
zenith shall fall between the tropic and the equator, and nearly about the middle 
of the distance between these two circles ; in the latitude of London, for example, 
Vthich is Sr.*!!', the plane must make an angle of about 38“. In the middle of the 
plane, fix an upright style of such a length, that its shadow shall go beyond the 
plane; and if several angular lines be then drawn from the bottom of the style to- 
wards the south, about the time of the solstice, the shadow will retrograde twice in 
the course of the day, as above-mentioned. 

This is evident, since the plane is parallel to the horizontal plane, having its zenith 
under the same meridian, at the distance of 12 degrees from the equator towards the 
north : the shadows of the two stales must consequently move in the same manner 
in both. 

Remark — Some may here say, that this is a natural explanation of the miracle^ 
which, as we are told in the Sacred Scriptures, was performed in favour of Hezekiab, 
king of Jerusalem ; but God forbid that we should entertain any idea of lessening 
the credibility of this miracle. Besides, it is very improbable, if the retrogradation 
which took place on the dial of that prince bad been a natural effect, that it should 
not have been observed till the prophet announced it to him, as a sign of his cure ; 
for in that case it must have always occurred when the sun was between the tropic 
and the zenith : the miracle therefore, recorded in the Scriptures, remains unim* 
peached. 

€ 

PRODLKM XXn. 

To determine the line traced out, on the plane of a Dial, by the summit of the style 

We here suppose that the sun, in the course of a diurnal revolution, does not 
sensibly change bis declination ; for if he did, the curve in question would be of two 
complex a nature, and very difficult to determine. 

Let the sun then be in any parallel whatever. It may be easily seen that the central 
solar ray, drawn to t^e point of the style, describes a conical surface, unless the 
sun be in the equator ; consequently the shadow projected by that point, which is 
always directly opposite to it, passes over, in its revolution, the surface of the oppo. 
site cone, which is united to it by its summit. Nothing then is necessary but to 
know the position of the plane which cuts the two cones ; for its intersecfioii with 
the conical surface, described by the shadow, will be the curve required. 

Those therefore who have the least knowledge of conic sections will be able to 

2M 
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«ol?e the problem. For, Ist, If the proposed place be under the equator, and the 

plane horizontal, it is evident that thia 
plane intersects the two opposite cones 
at the summit : consequently the track 
of the shadow will be an hyperbola a c d 
(F ig. 23.). having its summit turned to- 
wards the bottom of the style. 

But it may be easily seen, that as the 
sun approaches the equator, thia hyper- 
bolic line becomes flatter and flatter; 
and at length, on the day of the equinox, 
is changed into a straight line ; that it 
afterwards passes to the other side, and always becomes more and more curved, 
till the sun reaches the tropic, &c. 

Wc shall here add, that the sun rises every day in one of the asymptotes of an 
hyperbola, and sets in the other. 

2nd. In all places situated between the equator and the polar circles, the track 
of the shadow, on a horizontal plane, is still au h}p(‘rbolu ; for it may be easily seen 
that this plane cuts the two opposite cones, united at their summits, which are de- 
scribed by the solar ray that passes over the point ofthe«t)le; since in all these 
latitudes the two tropics are intersected !>y the horizon. 

3d. In all places situated under the polar circle, the line described by the shadow 
OR a horizontal plane, when the sun is in the tropic, is a parabolic line ; but that de- 
scribed on other days is hyperbolic. 

4th. In places situated between the polar circle and the pole, as long as the sun 
rises and sets, the tract described by the shadow ot the summit of the st>le is an 
hyperbola: when the sun has attained to such a high latitude that he only touches 
the horizon, instead of setting, the track is a parabola; and when the sun remains 
the whole day above the horizon, it is an ellipsis, more or less elongated. 

5lli. Lastly, it may be easily seen that under the pole the track of the shadow 
of the summit of the style is always a circle ; since the sun, during the whole day, 
remains at the same altitude. 

Corollary . — As the arcs of the signs are nothing else than the track of the shadow 
of the summit of the style, when the sun in his diurnal motion passes over the 
parallel belonging to the commencement of each sign, it follow^s that these arcs are all 
conic sections, having their axis in the meridian or snbstylar line. In horizontal 
dials, constructed for places between the equator and the polar circles, and in all 
vertical dials, whether south, north, cast, or west, constructed for places in the t(Mn- 
perate zone, they are hyperbolas. This may be easily perceived, on the first view, 
in roost of the dials in our latitude. 

These observations, which perhaps may be consideicd by common gnomonists as 
of little importance, appealed to us w’orthy the consideration of those more versed 
in geometry ; especially as some of them may not have attended to them. For this 
reason wc resolved to give them a place in this work. 

PROBLEM XXIII, 

To describe the Arcs of the Signs on a Sun-dial. 

Of the appendages added to sun-dials, the arcs of the signs may be classed among 
the most agreeable ; fur by their means we can know the sun’s place in the different 
signs, and as we may say can follow his progress through the zodiac. We thcrcfoie 
thought it our duty not to omit, in this work, the method of describing them. 

For the sake of brevity, we shall suppose that the plane is horizontal. First de- 
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scribe a dial such as the position of* the plane requires, (that is, a horizontal one,) and 
fix in it an upright style, terminated by a spherical button, or by a circular plate, having 
tn its centre a hole, of a line or two in diameter, according to the size of the dial. 
Then proceed as follows : — 

Let it be required, for example, to trace out the arc corresponding to the com- 
mencement of Scorpio or Pisces. First find, by the table of the Bun*s altitude, at each 
hour of the day in the latitude of London, for which we suppose the dial to be con- 
structed, the altitude when he enters these two signs. As this altitude is 26* 43', 

make the triangle a T s. Fig. 24, in 
Fig* 24. which s t is the height of the style, 

and such that the angle set shall be 
equal to 26* 43' : the point b will be 
T the first point of the arc of these two 

signs. 

Then find, in the same table, the 
sun*8 altitude at one in the afternoon 
of the same day, which will be found 
equal to 25* S(y ; and construct the tri- 
angle 8 T F, in such a manner that the 
angle F shall be 25*30'; then from the 
bottom of the style s, as a centre, with 
the radius s F, describe an arc of a 
circle, intersecting the lines of i and xi hours in the two points a and n ; these will 
be the points of the arc of those signs on the lines of r and xi. 

If the same operation be repeated for all the other hours, you will have as many 
points, through which if a curved line be drawn, by means of a very flexible ruler, 
you will obtain the arc of the signs Scorpio and Pisces. 

By employing the like construction, the arcs belonging to the other signs may be 
obtained. 



Of the diffireM kinds of Hows, 

Ever^ thing lutherto said has related only to the equinoctial and equal hours ; 
such as those by \ihich time is reckoned in England, the day being supposed to begin 
at midnight, and the hours being counted to the following midnight, to the number 
of 24, or twice twelve. This is the most common method of computing the hours in 
Europe. The astronomical hours are almost the same ; the only diiferencc is, that 
the latter are counted, to the number of 24, from the noon of one day to the noon of 
the day following. 

But there are some other kinds of hours, which it is proper we should here explain ; 
because they are sometimes traced out on sun-dials : such are the natural or Jewish 
hours, the Babylonian, the modern Italian, and those of Nuremburg. 

The natural or Jewish hours begin at sun-rise; and there arc reckoned to be 12 
between that period and sun-set: bence it is evident that they are not of equal 
length, except on the day of the equinox ; at every other time of the year they are 
unequal. Those of the day, in our hemisphere, are longer from the vernal to the 
autumnal equinox : those of the night are, on the other hand, longer while the sun is 
passing through the other half of the zodiac. 

The Babylonian hours were of equal length, and began at sun-rise ; they were 
counted, to the number of 24, to sun-rise of the day following. 

The modern Italian hours, for the ancient Romans counted nearly as we do from 
midnight to midnight, are reckoned to the number of 24, from sun-set to sun-set of 
the day following; so that on the days of the equinox noon takes place at the 18th 
hour, and then, as the days lengthen, the astronomical noon happens at 17^ hours. 

2 M2 
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then at 17 hours, &c. ; and tire versd. This singfular and inconvenient method bai 
had its defenders, and that even among the French j who have found that with a 
pencil, and a little astionomical calculation, one may fix the hour ot dinner with very 
little embarrassment. 

However, as these hours are still used throughout almost the whole of Italy, we 
think it our duty to shew here the method of describing them, by way of a Gnomo* 
meal curiosity. 


PROBLEM xxiv. 

To trace out, on a Dial, the Italian How s. 

Describe first on the propo««cd plane, whuh we here suppose to be a horizontal one, 
a common horizontal dial, with the astronomical or Euiopean hours delineate on it 
also the aics of the solsticial signs, Oaiuer and Caprimrn , as well as the equinoctial 
line, which is the arc of the equinoctial signs 

Then observe that, on the days of the (ijuinov, noon, for a dial constructed at 
London, takes place at the end of the 18th Italian boui , and on the day of the summer 
solstice at 17 minutes after the 16th hour. Noon, therefore, or 12 houis, counted 
according to the astronomical hours, corresponds, on the day of the equinox, to the 
18th Italian hour, and on the day of the solstice to 17 minutes after the ICth , con- 
sequently the 18th Italian hour, on the day of the summer solstice, will correspond to 
17 minutes past 2, counted astronomically. Join thcrefoie, (Fig 25), by a straight 


Fig 25. 
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line, the point of noon maikcd on the equinoctial line, and that of 2 hours 17 minutes 
on the tiopic 01 aicof the sign Cancti, and inscribe thcie 18 houis. Join also by 
transvcr>>dl lines 1 hour on the equinoctial <iiid 3h. 1 7m on the aicof Cancer , then 2h. 
and4h l7m , &c , and befoie noon llh andlh 17m , lOh and J2h 17m , 91i and lib. 
1 7m. &c , efface then the astrononmal houis, which wc suppose ought not to ippear, 
and continue the above trails'! cmaI lines till they meet the parallel of Capiicoin, 
iiiscnbing at their extremities the proper numbers, by which means you will have 
your dial traced out as seen. 

Remark , — It may be easily seen, by the above example, what calculation will be 
necessary for a latitude different from that of London, where the length of the day, 
at the summer solstice, is 16 hours 34 minutes, and at the wuntei solstici only 7 hours 
44 minutes. In anothei latitude, where the longest day is only 14 hours and the 
shortest 10, noon at the sutiiiner solstice will take place at the end of the l7th Italian 
hour. Noon therefoic, or 12 hours, counted astronomically, will on the day of the 
foUtice correspond to the I7tb Italian hour, and consequently the 18tb Italian hour. 
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at tbe same period, will correspond to 1 in tbe afternoon counted astronomically. 
To hare the hour-line of the 17th Italian hour, therefore, nothing will be necessary, 
hut to join the point of 1 in the afternoon, on tbe arc of Cancer, and the point of 
noon on the et[uinoctial. And the case will be tbe same with tbe other hours. 

PROBLEM XXV. 

To trace out on a Dial the lines of the natural or Jewish hours. 

We have already said, that tbe equal hours which can be counted from sun-rise to 
sun-set, to tbe number of twelve, are called the natural hours; for it is this interval 
of time which really forms the day. 

This kind of hours may be easily traced out on a dial, which we shall here suppose 
to be horizontal. For this purpose, it will be first necessary to draw the equinoctial, 
and the two tropics, by the preceding methods. 

Now it must be observed, that as, in the latitude of London, the sun, on the day 
of the summer solstice, rises at 3h. 43m., and sets at 8h. 17m., the interval between 
these periods is equal to l7h. d4m. ; consequently, if we divide this duration into 12 
parts, each of these will be about hour : for this reason, draw lines from tbe centre 
of the dial to the points of division on the equinoctial, corresponding to 5^ hours, to 
7 hours, to 8^ hours, to 10 hours, to llj hours, to 1 hour, and so on ; but marking 
only, on the tropic of Cancer, the points of intersection which these hours form 
with it. 

In like manner, as the sim at the winter solstice, in the latitude of London, rises 
at 8h. 8m., and sets at 3li. 52m., the duration of the day is only 7 hours 44 minutes ; 
which being divided i.ito 12 parts, gives for each about 40 minutes, or ^ of an astro- 
nomical hour. Draw therefore the hour-lines corresponding to 8^ hour&, to hours, 
to 10 hours, and so on ; marking only the points where they intersect the tropic 
of Capricorn ; then, if the corresponding points of division, on the two tropics and 
the equinoctial, he joined by a curved line, the dial will be described, as sscen Fig. 20. 

Fiy. 20. 



If more exactness be required, it will be necessary to trace out two more parallels 
of the signs, viz. those of Taurus and Scorpio, and to find on each, by a similar process, 
the points corresponding to the natural hours: the natural hour-lines may then be 
made to pass through live points, by which means they will be obtained with much 
more exactness. 
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We shall conclude this subject by giving a general method of describing sun-dials, 
whatever be the declination or inclination of the plane. 

This method is founded on the consideration that any plane whatever is always a 
horizontal plane to some plane on the earth ; for a plane being given, it is evident 
that there is some point of the earth the tangent or horizontol plane of which is 
parallel to it. It is evident, also, that two such parallel planes will shew the same 
hours at the same time. Thus, for example, if we suppose at London a plane in- 
clining and declining in such a manner, as to be parallel to the horizontal plane 
of Ispahan ; then a dial traced out on that plane, as if it were horizontal, will give 
the hours of Ispahan ; so that when the shadow falls on the substyle, we may say that 
it is noon at Ispahan, &c. 

Hut as the hours of Ispahan arc not those wanted at London, it is necessary that 
we ‘should find out the means of delineating those of London, which will not be 
attended w’ith much dilliculty, when the difference of longitude between these tw'o 
cities is known. Let us suppose then that it is exactly 45 degrees, or 3 hours : when 
it IS noon at London then, it will be »3 in the afternoon at Ispahan ; and when it is 11 
in the forenoon at the former, it will be 2 in the afternoon at the latter, &c. Con- 
sequently, on this dial, which we suppose to be horizontal, if w’c assume the line 
of 3 o’clock as that of noon, and mark it 12; and if we assume the other hour-lines 
in the same proportion, we shall have at London the horizontal dial of Ispahan, which 
will indicate, not the hours of Ispahan, but those of London, as required. 

We flatter ourselves that wc have here explained the principle of this method in 
a manner sufficiently clear, to make it plain to such of our readers as have a slight 
knowledge of geometry or astronomy ; but to render the application of it more fa- 
miliar, we shall illustrate it by an example. 

Let us suppose tben, at fiondon, a plane forming with the horizon an angle of 12 
degrees, and declining towards the we«t 221 degrees. 

The first operation here is, to find the longitude and latitude of that place of the 
earth where the horizontal plane is parallel to the given plane. 

For this purpose, let us conceive an azimuth a i per- 
pendicular to the given plane Cf'ig* 27. )> fbis 

azimuth, which we suppose to be traced out on the sur- 
face of the earth, let us assume, on that side which io 
towards the upper part of the plane, an arc a h, equal to 
the inclination of that plane to the horizon : the extre- 
mity of this aic, that is the point h, will be that point 
of the earth where the horizon is parallel to the given 
plane. This is so easy to be comprehended that it re- 
quires no demonstration. Let us next conceive a meri- 
dian p H, drawn from the pole p to the point ii ; it is 
evident that this will be the meridian of the given plane; 
and that the angle aph, formed by this meridian and 
that of London, will give tbe diflfcrence of longitude of the two places. We must 
therefore determine this triangle, and to find it we have three things given, viz,, lit, 


Fig. 27. 
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A F the complement of the latitude of London, which is 36** ; 2d, a h the distance 

of London from the place, the horizontal plane of which is parallel to the given 
plane, and which is 12”; 3d, the angle pah, comprehended between these two sides, 
which is equal to the right angle h a l plus p a L, or that which the plane forms with 
the meridian. 

By resolving this spherical triangle, it will be found, that the angle .‘at the pole 
A p H, or that formed by the two meridians, is 5” 59^ ; which is the difference of longi- 
tude between the two places a and h. 

The latitude of the place H will be found also by the solution of the same triangle ; 
for it is measuied by the complement of the arc PH, of the triangle pah: according 
to calculation it is 40® 13'.* 

Thus, a plane inclining 12® at London, and declining to the west 22J degrees, is 
parallel to the horizontal plane of a place which has 5® 59' of longitude west 
from London, and 40®. 15' of latitude. The latter also is the angle which the style 
ought to form with the sub-style ; for the angle which the axis of the earth forms with 
the horizontal plane is always equal to the latitude. 

It is here evident that when it is noon at the place h, it will be 23m. 56s. after 
noon at the place a ; for 5® 39' in longitude correspond to 23ni. 36s. in time. Con- 
sequently, at the place a, when the shadow of the style falls on the sub-style, which 
is the meridian of the plane, it will be 23m. 36s. after twelve at noon. To find there- 
fore the hour of noon, it will benecehsary to draw, on the west side of the sub-style, 
an hour-line conesponding to 1 Ih. 36in. 4s., or 1 Ih. 36m. By the like reasoning, 
it will be found that II in the morning, at the place a, will correspond to lOh. 36m. 
at the place h, &c. In the same manner, 1 in the afternoon, at the place a, will cor- 
respond to 121i. 36m., or SGm. after 12, at the place h: 2 o’clock will correspond to 
111. 30m. ; 3 o’clock to 2h. 36m., and so of the rest. 

Thus, it we suppose the sub-style of the plane, on which the dial ought to be de- 
scribed, to be the meridian, it will be necessary to describe a dial which shall indicate 
in the forenoon, 1 Ih. 30ni. ; lOh. 36m. ; 9h. 3Gm. ; 8h. 36m., &c. ; and in the after- 
noon 121i. 36m.; ih. 36m.; 2h. 36m.; 
3h. 30iii. ; 4h. 3Gni., &c. 

When these calculations have been 
made, the dial may be easily constructed. 
For this purpose, fiisi find, by Prob. 3, 
the sub-style, which is the meridian of 
the plane. We shall suppose that it is 
p E (Fig. 29.), and that p is the centre 
of the dial. Having assumed p B of a 

Jriff. 28. 

* Tngonometrical calculation maybe a>oided by means 

of a graphic operation exreedingiy simple, in a ciicle of a 
coiMiMiieiit size rl'ig. 28.J, asMitiie an arc pa equal to pa 
(Fia. 27.) ; make a h eipi.tl to ah; and from the point 
h let fall a perpendicular h i, on the radius c a. On h i 
describe a quadrant, or make /t k equal to tho arc which 
measures the declination ot the plane, or equal to the sup- 
plement of the angle pah: diuw A / perpendicular to 
At 1 , and from the point A, draw im perpendicular to the 
radius c p, and let A m bu continued till it meet the ciicle 
in n .• thu arc p n will be equal to p h , and if an arc of a 
circle be described on m o, and if A ?r bo drawn perpen- 
dicular troin the point A, so as to meet this arc in the 
angle ^rmA will be equal to the ruqaiied angle p of the 
triangle a p h. 



Fig. 29. 
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eoliTeidciit length, draw, through the point b, the line a b c, perpendicular to p » ; 
if A be the western side, the line p d which corresponds to II hours 86 minutes, 
or which is distant from the meridian 24 minutes in time, may be found by making 
use of the following analogy : 

As radius is to the cosine of the latitude, which is 40^ 15* ; so is the tangent of the 
hour-angle corresponding to 24m. in time, or the tangent of 6^, to a fourth term, 
which will be the tangent of the angle b p </. 

By this analogy, it will be found equal to 60 parts, of which p D contains 1000 : 
if 60 of these parts therefore, taken from a scale, be set off from b towards d, 
and if p d be then drawn, we shall have the hour-line of 1 1 hours 36 minutes for the 
plaite of the dial, or of the place h. 

The line P e, of 10 hours 36 minutes, will be found in like manner, by this 
analogy : 

As radius is to the cosine of 40® 15' ; so is the tangent of the hour-angle corre- 
sponding to lOh. 36m., or the tangent of 21® to the tangent of the angle b p e. 

This tangent will be found equal to 293 of the above parts : if this number of 
parts therefore, taken from the same scale, be laid off from b to e, we shall have the 
hour-line P e corresponding to 10 hours 36 minutes. 

The lines of the other hours before noon may be found in the like manner : the 
two first terms of the analogy are the same, and the third is always the tangent ot‘ 
ail angle successively increased by 15® : these tangents therefore will be those of 
6®, 21®, 36®, 51®, 66®, the logarithms of which must be added to the cosine 40® 15' ; 
and if the logarithm of radius be subtracted, the remainders will be the logarithms of 
the tangents of the hour-lines ; these tangents themselves will be for b d, b e, &e. 
80, 293, 554, 942, 1732, 4814, &c. in parts of which the radius or p d contains 
1000. 

A similar operation must be performed foi the hours in the afternoon. As 36m. 
in time correspond to 9®, the first hour-angle will be 9® ; the second, by adding 15®, 
will be 24® ; the third 39® ; the fourth 54®, &c. The following proportions then 
must be employed ; As radius is to the cosine of 40® 15'; so is the tangent of 9®, or 
24®, or 39®, &c. to a fourth term, which will be the tangent of the angle b p /, or b p m, 
or B P 71, &c. 

Hence, if the logarithm of the sine of 49® 45' be successively added to the loga- 
rithmic tangent, of 9®, 24®, 39®, 54®, &c., and if radius be subtracted from the 
different sums, we shall have the logarithms of the tangents of the angles which the 
hour-lines P /, p m, pn, &c. form with the sub-style; and these tangents themselves 
will respectively be 121, 339, 618, 1050, 1968, 7268, parts of which p b contains 
1000. If these numbers therefore, taken from the same scale as before, by means of 
a pair of compasses, be set off from b to /, from b to m, from b to », &c., and if the 
lines p /, P fn, p n, p o, &c. be then drawn, the dial will be nearly completed ; as 
nothing will be necessary but to mark the point d with xn, because p d is the meri- 
tlian of the place a ; and to mark the other hour-points with the numbers which 
belong to them, as seen in the figure. 

To avoid the trouble of tracing out moie hour-lines than are necessary, it will be 
proper first to determine at what hour the sun rises and sets on the given plane, at 
the time of the longest day ; which may be easily done by means of the following 
comideration. 

It may be readily seen that if we suppose two parallel planes, in two different 
places of the earth, the sun will begin to illuminate both of them at the same mo- 
ment; and that he will also set to both at the same time. The plane of the 
dial in question, being parallel to the horizontal plane of a place which has 40® 15' 
pf north latitude, nothing is necessary but to know at what hour the sun will rise 
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in regard to tliat plane on tlie longest day. But it will be found that in tbe latitude 
of 40^ 15' tbe longest day is 15 hours 24 minutes ; or that the sun rises on that 
day 7 hours 42 minutes before noon, and sets at 42 minutes past 7 in tbe evening. 
It will be sufficient then, on tbe dial in question, to make the first hour-bne in 
the morning that of 4 hours 15 minutes, and the last in the evening 7 hours 30 
minutes. 
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PART EIGHTH. 

CONTAINING SOME OF THE MOST CURIOUS PKOULBMS IN 
NAVIGATION. 


Navigation may be classed among those arts which do the greatest honour to the 
human invention ; for in no department of science is the ingenuity of man displayed 
to more advantage than in this art, by which be conducts himself through the wide 
expanse of the ocean, without any other guide than the heavenly bodies and a 
compass ; by which he subdues the winds, and even employs them to enable him to 
brave the fury cf the ocean, which they excite against him : in short, an art which 
connects in social intercourse the two worlds; forms the principal source of the 
industry, commerce, and opulence of nations. Hence one of our poets very justly 
says, 

Le trident de Neptnne cat le sceptre du monde. 

But this is not a proper place for entering into a dissertation on the utility of navi- 
gation. Wc shall only observe, that navigation may be considered under two points 
of view. According to the first, it is a science which depends on astronomy and 
geography : considered in this manner it is called Piloting, which is the art of deter- 
mining the course that ought to be pursued in order to go from one place to another, 
and of knowing at all times that point of the earth at which a ship hasanived. Ac- 
cording to the other, it is an art founded on mechanics and the moving powers of 
the vessel: considered under this point of view, it is called manoeuvring, .and teaches 
Low to give to that ponderous mass, w'hich cleaves the billows, the necessary direc- 
tion by means of the sails and the rudder. 

We shall here present the reader with every thing most curious in both these parts 
of navigation. 


PROBLEM I. 

Of the curve which a vessel describes on the surface of the sea, when she sails on the 
same point of the compass. 

When a ship is about to set sail, it is necessary to find out the proper course : that 
is, to determine the direction in which she ought to proceed, in order to arrive, in 
the shortest time and with the greatest safety, at the place of her destination. 
When this direction, or the angle it forms with the meridian, has been detci mined, 
it is always pursued, unless particular circumstances prevent it. A vessel, by 
thus steering for several days, on the same point of the compass, describes a 
line which always forms the same angle with the meridians : this is what is called 
the loxodromic line, or oblique course ; and there hence results, on the surface of the 
earth, a peculiar curve, the nature and properties of which have excited the attention 
of mathematicians. On these properties the practical rules of navigation have been 
founded ; and, as they are very remarkable, they deserve to be explained. 

We presume that the reader is acquainted with the nature of the compass, the 
different points, &c. ; and with the elements of navigation ; for it is impossible that 
we should here enter into details merely elementary. 
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Let U8 suppose that the sector a c b (Fig. 1.) re- 
presents a portion of the spherical surface of the 
earth, of which c is the pole, and a b the equator ; 
or only the arc of a parallel comprehended between 
two meridians, as A c and b c ; and that c d, c £, and 
c F, represent so many meridional arcs, very near to 
each other. 

Let a vessel depart from the point a of the arc 
A B, the meridian of which is a c ; and proceed on a 
course forming with that meridian the angle c a h, 
less than a right angle, for example an angle of 60 
degrees; the vessel will describe the line a h, by 
which means she will always change her meridian. 
When she arrives at ii, under the meridian c D, let her 
continue in the same course, making with the meridian the angle chi, equal to the 
former; and so on, describing the lines ah, ni, ik, &c., always making the same 
angle (GO*) with the meridians c a, c h, c i, c k, &c. As her course is continually 
inclined to the meridian at an angle of GO degrees, it may be readily seen that the 
line A H I K W'ill not be the arc of a great circle on the surface of the sphere ; for it 
is demonstrated in spberirs, that if ahk were a circle of this kind, the angle chi 
would be greater than c a ii, and ci k greater than chi, and so on. The case would 
be the same if the curve a h i k were an arc of a lesser circle of the sphere ; hence 
there is reason to conclude, that the curve described by a ship, when she always 
proceeds on the same course, is a peculiar curve, which constantly approaches the 
pole. 

Remarks. — I. It is here evident, that when the loxodromic angle vanishes; that 
is, wlien the vessel steers diiectly north or south, the loxodromic line is an arc of the 
meridian. 

But, if the angle be a right angle, and if the vessel be under the equator, she will 
describe an arc of the equator. In the last place, if out of the equator, she will 
describe a parallel. 

II. If the loxodromic line a k l, be divided into several parts, so small that they 
may be considered as straight lines, and if as many parallels or circles of latitude be 
made to pass through the points of division h, i, k, &c., all these circles will be equal 
and equally distant from each other ; so that, by making meridional arcs to pass 
tlnough the same points of division, the portions of these meridians, such as dh, 
MI, N K, &c., will be equal, as w^ell as the corresponding arcs a d, h M, i n, &c. 
This equality however will not be in degrees, but in miles, as may be easily demon- 
strated ; for the triangles a d h, h m i, i n k, &c., are evidently similar, because the 
bypothenuses, a h, h r, i k, &c., being equal in length, the other sides will, be re- 
spectively equal also. On the other hand, it is evident that if a d, which is part 
of a great circle, be equal in length, or in miles, to h m, which is part of a losser 
circle, the latter must contain a greater number of minutes or degrees than the 
former. 

III. When a very small portion of the loxodromic line, such as a h, has been 
passed over, always pursuing the same course, on the vessel’s arrival at h, if the dif- 
ference of latitude, or the arc d h, be determined by observation, it will be easy to 
find the distance sailed a h ; since d h is to ah, as the sine of the angle had, 
which is known, is to radius. If the angle c A h, for example, be 60 degrees, and 
consequently h a d 30 degrees ; and if d h be equal to half a degree, or 30 nautical 
miles, the distance a h will be 60 nautical miles ; for the sine of 80 degrees is 
exactly equal to half the radius. 


Fig. 1. 
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IV. If tlie course and distance sailed be known, the difference of latitude may be 

found in like manner. ^ 

V. The loxodromic angle c a h, or had, being known, as well as the difference of 
latitude d h, the value of the arc ▲ d may be found ; for d H is to a D as the sine of the 
angle h a d is to its cosine. But when the length of the arc of a parallel, or the number 
of miles it contains, is known, the degrees and minutes it contains may be determined 
also. In this manner, the difference of longitude produced by the vessel’s change of 
position, while passing over the small loxodromic arc a h, is obtained ; and if the same 
operation be performed in regard to all the other small arcs h m, in, &c., we shall 
have the whole difference of longitude, produced by the vessel’s passing over any 
loxodromic arc a k. The difficulty of this operation arises from these arcs being 
dissimilar, though equal in length. But geometricians have found means to avoid 
these calculations, by ingenious tables or other operations, the explanation of which 
does not fall within the plan of this work. 

VI. This curved line has one property which is very singular, that it always 
approaches the pole without ever reaching it. This evidently follows from the 
nature of it ; for if we suppose it to arrive at the pole, it will intersect all the meri- 
dians in that point ; consequently, since it cuts each meridian under the same angle, 
it w'ill cut them all at the pole under the same inclinHtion, which is absurd; since 
they are all inclined in that point to each other. It will therefore approach the pole 
more and more, making an infinite number of circumvolutions around it, but without 
ever reaching it. Hence, according to mathematical rigour, a ship which continually 
pursues the same course, the cardinal points excepted, will always approach the pole, 
without ever arriving at it. 

VII. Though the loxodromic line, when it forms an acute angle with the meridians, 
must make an infinite number of circumvolutions around the pole before it reaches 
it, its length is however finite ; for it can be demonstiated, that the length of a loxo- 
dromic line, such as a kl, is to the length of the arc of the meridian that uuiicutes 
the difference of latitude, as radius to the cosine, or sine coinpleinent, of the angle 
which the loxodromic line forms with the meridian ; consequently the difference 
of latitude is to the loxodromic distance sailed, as the cosine of the above angle 
is to radius. 

The above remark is principally intended for geometricians ; and exhibits a kind 
of paradox which must astonish those to whom truths of this kind are not familiar: 
those, however, who comprehend the preceding demonstrations, can entertain no 
doubt of it. But, for the sake of farther illustration, let us suppose a loxodromic 
line inclined to the meridian at an angle of 60 degrees, with its infinite circumvolu- 
tions around the pole ; if we employ the following proportion, As the cosine of GO 
degrees, or the sine of 30", is to radius, so is 90 degrees difference of latitude to a 
fourth term, this fourth term will be the absolute length of the loxodromic line. 
But the sine of 30 degrees is equal to half the radius ; and hence it follows that the 
fourth part of the circle is the half of the above loxodromic line ; or this line, not- 
withstanding the infinite number of its circumvolutions, is exactly equal to a semi- 
circle of the sphere. 

FBOBLBX n. 

Hovt a Vessel may sail against the Wind, 

What is here proposed will no.doubt seem a paradox to those unacquainted with the 
principles of mechanics. Nothing however is more common in navigation, as this is 
always done when a vessel, according to the nautical term, is beating up on different 
tacks, or keeping as near to the wind as possible. But when we say a vessel can 
sail against tbe wind, we do not mean that she can proceed on a course directly oppo- 
site to the point from which the wind blows ; it is only by making an acute angle 
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with th« rhumb line passing through that point, which is sufficient ; for by several 
tacks she can then advance in a direction contrary to that of the wind. 

Let us suppose a vessel, (Fig. 2.), the keel of which 
is A B, and let one of the sails c D be set in such a 
manner, as to form with the keel an angle b e d of 
40 degrees: if the direction of the wind be s f, 
making with the same keel an angle of 60 degrees, for 
example, it is evident that the angle d e f will be 20 
degrees ; consequently the sail will be impelled by a 
wind falling on it at an angle of 20 degrees. But ac- 
cording to the principles of mechanics, the action of a 
power falling obliquely on any surface, is exercised in 
a direction perpendicular to that surface, and therefore 
if B G be drawn perpendicular to c d, the line e g will be the direction according to 
which the effort of the wind is exercised on the sail c D, but with a diminished force 
on account of the obliquity of the stroke. 

If the vessel were round, it would proceed in that direction ; but as, in consequence 
of its length, it can move with much greater facility in the direction of its keel e h, 
than accoidingto any other, it will assume a direction e k, somewhere between e o 
and E H, but much nearer to the latter than to the former, almost in the ratio of its 
facility to move accoiding to e n and eg. The angle kef therefore, which the 
ship’s course forms with the direction of the wind, may be an acute angle. If the 
angle k e n, for example, be 10 degrees, the angle kef will be 70 J degrees, conse- 
quently the vessel will lie almost two points nearer to the wind. But it is shewn 
by exfierience, that a vessel may be made to go on a course still nearer to the direc- 
tion of the wind, or to lie closer to it by about one point more; for if the vessel be 
well coii'.ti Mcted, there are 22 of the 32 points comprehended in the compass, which 
may serve to make her proceed to the same place. 

It is indeed true, that the nearer a ship lies to the wind, or to speak in common 
terms, the sharper the angle of the wind’s incidence on the sail, the less will be its 
force to push the vessel forwards ; but this is compensated by the quantity of sail 
that may be set, for in this case none of the sails hurt each other, and a vessel can 
absolutely carry all her snils. What therefore is lost in consequence of the weakness 
of the force exerted on each, is gained by the quantity of surface exposed tothe wdnd. 

It may be easily conceived how advantageous this property of 
of vessels is to navigation ; for whatever be the wind, it may be 
employed to convey a ship to any determinate place, even if it 
should blow diiectly from that quarter. For let us suppose 
(Fig. 3.) that the direct course is from e to f, and that the 
wind blows in the direction f s ; the vessel must be kept as near 
the w'iiid as possible to describe the line e o, making with E f 
the acute angle i' e g ; having proceeded some time in the direc- 
tion E G, the vessel must then tack about to run down o h ; 
then hi; then i K ; and so on ; by which means she will 
always approach nearer to the place of her destination. 

PBOBLEM m. 

Of the force of the Rudder ^ and the manner in which it acts. 

The force by which the rudder of a ship makes her move in any direction at plea- 
sure, excites no small degree of astonishment ; especially when we Consider the 
weak action of the enormous rudders with which some of the barges that navigate 
our rivers and canals are furnished. The cause of this phenomenon we shall here 
endeavour to explain and illustrate. 


Fig. 3. 
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The rudder of a barge or vessel has no action unless impelled by the water. It is 
the force resulting from this impulse, which being applied in a direction transversal to 
the poop, tends to make the vessel turn around a point of its mass, called the spon- 
taneous centre of rotation. The prow of the vessel describes around this point an 
arc of a circle, in a direction opposite to that described by the poop ; hence it follows 
that the prow of the vessel turns towards that side to which the rudder is turned, 
consequently opposite to that side towards which the tiller or lever of the rudder is 
moved. Hence, when the tiller is moved to the starboard side, the vessel turns 
towards the larboard, and vice versa. 

A force, and even a certain degree of intensity, must therefore be applied to the 
rudder to make the vessel turn ; and on this account the construction of the vessel 
is so contrived, as to increase this force as much as possible; for while the barges 
which navigate our rivers are in general very broad behind, and screen as we may say 
the rudder, so that the water flowing along their sides can scarcely touch it, the stern 
of vessels intended for sea are made narrow and slender, so that the water flowing 
along their sides must necessarily strike against the rudder, if in the least moved from 
the direction of the keel. Let us therefore endeavour to estimate nearly the force 
which results from this impulse. 

A vessel of 900 tons, when fully laden, draws 13 or 14 feet of water, and its rudder 
is about 2 feet in breadth. Let us now suppose that the ve^sel moves with the velo- 
city of 2 leagues per hour, which makes 170 yards per minute, or about 9 feet per 
second ; if the rudder be turned in such a manner as to make with the keel conti- 
nued an angle of 30 degrees, the water flowing along the sides of the vessel will impel 
the rudder under the same angle, that is, 30 degrees. The part of the rudder under 
water being 14 feet in length and 2 in breadth, presents a surface of 28 square feet, 
impelled at an angle of 30 degrees, by a body of water flowing with the velocity of 9 
feet per second. But the action of such a current, if it impelled a similar surface in 
a perpendicular diicction, would be 2205 pounds, which must be reduced in the ratio 
of the square of the sine of incidence to that of ladius, or in the ratio J- to 1, since 
the line of 30 degrees is radius being 1. The effort therefore of the water 
will he 551 pounds. Such is the force exercised perpcndir’ulaily on the rud(k‘r; 
and to find the quantity of this force that acts in a direction pcipcndicular to the 
keel, and which makes the vessel turn, nothing is nccessaiy but to multiply the pre- 
ceding effort by the cosine of the angle of inclination of the rudder to the keel, which 
in this case is } or 0*8G0, which will give 477 pounds. 

The above computation is made on the old supposition, that the force of the water 
is diminished in proportion as the square of the sine of the incident angle is less than 
the square of the radius. But, by more accurate experiments it is found (Dr. 
Hutton's Math, and Philos. Dictionary, Tab. 3, Resistance), that at an angle of 30 
degrees the absolute force is diminished only in the ratio of 840 to 278; hence 
then, the whole force 2205 pounds, reduced in this ratio, comes out 7»‘k) pounds, for 
the effective or perpendicular force on the rudder, to turn it or indeed the ship about, 
supposing the rudder held or fixed firm in that position. 

But there is one cause which rcndeis this effort more considerable : the water 
W'hich flows along the sides of the vessel does not move in a direction parallel to the 
keel, but nearly parallel to the sides themselves which terminate in a sort of angle at 
the stem-post, or piece of timber which supports the hinges of the rudder ; so that 
this water bears more directly on the rudder by an angle of about 30 degrees ; hence, in 
the above case, the angle under which the water impels the rudder will be nearly (K) de- 
grees ; v/e must, therefore, make this proportion : As the square of the radius is 
to the square of the sine of 60 degrees, or as 1 is to } ; so is 2205 to 1653. The force 
therefore which acts in a direction perpendicular to the keel, is 1653 pounds. Or, 
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by the table in tbe dictionary above quoted, as 840 is to 729 (for 60*), so is 2205 
to 1913 pounds, the perpendicular force. 

This effort will no doubt appear very inconsiderable when compared with the 
effect it produces, which is to turn a mass of 900 tons; but it must be observed that 
this effort is applied at a very great distance from the point of rotation and from 
the vessel’s centre of gravity ; for this centre is a little beyond the middle of the 
vessel towards the prow, as the anterior part swells out, while the posterior tapers 
towards the lower works, in order that the action of the rudder may not be inter- 
rupted. On the other hand, it can be shewn that what is called the spontaneous 
centre of rotation, the point round which the vessel turns, is also a little beyond the 
middle and towards the prow : hence it follows, that the effort applied at the extre- 
mity of the keel, towards the stern, acts to move the veBsel’s centre of gravity, 
by an arm of a lever 12 or 15 times as long as that by which this centre of gravity, 
where the weight of the vessel is supposed to be united, exerts its action. And 
lastly, there is no comparison between the action exercised by this weight when 
floating in water, and that which it would exert if it were required to raise it only 
one line. It needs therefore excite no surprise, that the weight of one ton, applied 
with this advantage, should make the vessel’s centre of gravity revolve around its 
centre of rotation. 

If the ship, instead of going at the rate of two leagues per hour, sails at the rate 
of three, the force applied to the rudder will be to that applied in the former case, 
in the latio of 9 to 4; consequently, if the position of the rudder be as above sup- 
posed, the actual force will be 3719 pounds, or rather 4304 pounds : if the velocity 
of the vessel were 4 li agues per hour this force in tbe same position of tbe rudder 
would be 4 times as much as at fiist, or GG12 pounds, or lather 7G52 pounds. 

Hence it is evident why a vessel, when moving with lapidity, is more sensible to 
the action of the helm; for when the velocity is double, the action is quadrupled: 
this action then follows the square or duplicate ratio ol the velocity. 

rnoBLEM IV. ^ 

What angle ought the rudder to make, in order to turn the vessel with the greatest 

force f 

If tbe water moves in a direction parallel to the keel when it impels the rudder, 
it will be found that this angle ought to be 54 degrees 44 minutes ; but, as uli eady 
observed, the water is carried along in an angular manner towards the direction of the 
keel continued ; which renders the pioblem more dilBcult. If we suppose this angle 
to be 15 degrees, which Bougucr considers as near the truth, it will be found that 
the angle in question ought to he 4G degrees 40 minutes. 

Ships do not receive the whole benefit of this force ; for the length of the tiller 
does not permit the helm to form with tbe keel an angle of more than 30 degrees. 

PROBLEM V, 

Can a vessel aapiiie a velocity equal to or greater than that of the wind? 

This can never take place in a diicct course, or when the ship sails before the 
wind ; for besides that in this case a part of the sails hurt or intercept the icst, it is 
evident that if the vessel should by any means acquire a velocity equal to that of the 
wind, it would no longei receive from it any impulse ; its velocity then would begin 
to slacken in consequence of the resistance of the water, until the wind should make 
an impression on the sails equal to that resistance, and then the vessel would con- 
tinue to move in an uniform manner, without any acceleration, with a velocity less 
than that of tbe wind. 

But, when the course of the vessel is in a direction oblique to that of the wind. 
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this ig not tlie case. Whatever may be its velocity, the sail is then continually 
receiving an impulse from the wind, which still approaches more to equality, as the 
course approaches a direction perpendicular to that of the wind : therefore, however 
fast the vessel advances, it may continually receive from the wind a new impulse to 
motion, capable of increasing its velocity to a degree superior to that even of the 
wind itself. 

But for this purpose it is necessary that the construction of the vessel should be 
of such a nature, that, W'ith the same quantity of sail, it ran assume a velocity equal 
to or } that of the wind. This is not impossible, if all the canvass which a 
vessel can spread to the wind, in an oblique course, were exposed in one sail, in a 
direct course. This then being supposed, Bouguer shews, that if the sails be set in 
such a manner as to make with the keel an angle of about 15 degrees, and if they 
receive the wind in a perpendicular direction, the vessel will eontimially acquire a new 
acceleration, in the direction of the keel, until her velocity be superior to that of the 
wind, and that in the ratio of about 4 to 3. 

It is indeed true, that, as the masts of vessels are placed at present, it is not 
possible that the yards ran form with the keel an angle less than 40 degrees ; hut 
some navigators assert, that by means of a small change this angle might be reduced 
to 30 degrees. In this case, and suppoMiig that the vessel could acquire in the direct 
line a velocity equal to f that of the wind, the velocity which it would acquire by 
receiving the wind on the sails at right angles, might extend to 1*034 that of the 
W’iiid, which is a little more than unity, and therefore somewhat mote than the velocity 
of the wind. 

If we suppose the same velocity po^^sihle in the direct course, and that the sail 
forms with the keel an angle of 40 degrees, it will he found that the velocity 
acquired by the vessel in an oblique course, will be nearly the velocity of the 
wind. 

This at least will be the case, if in this position of the sails, in regard to the w’ind, 
they do not hurt or obstruct each other. If all these circumstances therelore be 
combined, it appears that though it is possible, speaking mathemalieally, that a vessel 
ran move with the same velocity as the wind, or even with a greater, it will be very 
difficult to produce this effect in practice. 

PROBLEM VI. 

Given the direction of the wind^ and the course which a vessel must pursue in order to 
reach a proposed place ; what position of the sails will be most advantageous for 
that purpose ? 

Let ns suppose that the wind blows from the north, and that the ship's course is 
due east. If the ship, when her head is directed to that point, has her yards parallel 
to the keel, her progress will be = 0; as she will receive no impulse but in a direc- 
tion perpendicular to the keel. On the other hand, if the yards be perpendicular to 
the keel, as the sails will not catch the wind, the vessel in this ease again will not 
move. Thus, from the first position to the latter, the impulse in the direction of the 
keel, and consequently the velocity, goes on first inci easing, and then decreasing. 
There is some position therefore at which ibis impulse is strongest, or what is called 
a mojrimtnn, and which will make the vessel move with the greatest velocity. The 
question is to determine it. 

Geometricians have solved the problem, and have found, that to determine this 
angle, that between the wind and the proposed course must be divided in such a 
manner, that the tangent of the apparent angle, which the wind forms with the yard, 
shall be double to that which tbe yard forms with the course, or with the keel. In 
this case, therefore, the sail at first must be placed in such a situation, os to make 
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with the keel «n angle of 35 degrees 16 minutes, and consequently with the wind an 
angle of 54 degrees 44 minutes. 

We say the sail at first must be set in this manner ; for as soon as the vessel has 
acquired a greater velocity, this angle will cease to be the most favourable, and will 
become less so, the more the velocity is accelerated, as must be the case, till the 
impulse of the wind be in equilibrio with the resistance which the vessel sufifers from 
the water ; but in proportion as the velocity is accelerated, the wind strikes the sail 
more obliquely, and loses its force : for this reason the sail must be disposed in such 
manner, as to form with the keel an angle always more acute, and this angle may be 
reduced to 30 degrees and less ; so that the wind shall make with the sail an angle of 
60 degrees and more. 

We have here considered the question independently of lee-way ; but if this be 
taken into account, supposing it for evample in the present case to be one point, it 
will be necessary to make the vessel's head lie a point nearer to the wind : the angle 
then which the wind forms with the course will be from 78 to 79 degrees ; and it will 
bo found that on the outset, the angle formed by the wind and the sail ought to be 
48° 45'; and that of the yard with the keel 29* 45', which must gradually be reduced 
to 24 or 25 degrees. By then steering wnw^^w, the vessel will really proceed 
east with the greatest velocity possible, or nearly so ; and as in the neighbourhood of 
those points which give a maximum the progressive increase is insensible, this 
greatest velocity will always be nearly obtained, even when the above angles are not 
very exact. 


PllOBLEM VII. 

In what mannei must a vessel at sea he directed^ so as to proceed from any given place 
to another hy the shortest course possible f 

As the loxodjomic line, which navigators generally follow at sea, is not the 
shortest way from one place to another, it is natural to ask whether there be not 
some means by which the shortest courhe can be pursued ; for it is evident, cceteris 
paribus, that the way being shorter, the voyage would be sooner ended. 

As this is no doubt possible, we shall first shew" how it may be done, and then 
examine with what advantage it is attended. 

Livery one knows that the shortest wray from one place to another, on the surface 
of the eaith, is tlie arc of a great ciicle drawn from the one to the other. Nothing 
then is necessary but to keep the vessel continually on the arc of a great circle, or 
at least to deviate very little from it. 

Let us suppose, then, that a vessel is bound from London to the island of Trinidad. 
It will be found by trigonometrical calculation, that the arc of a gieat circle drawn 
from London to Trinidad, makes at London with the meridian an angle of 69* 44', 
and at Trinidad of S?** 30' ; while that of the loxodromic line with the meridian is at 
London 50" 40'. The angle formed by the course with the meridian, at the time of 
departure, ought therefore to be 69^ 44'. 

But to keep the vessel in this great circle, it will be necessary to change the angle 
every day ; and strictly speaking every hour and every moment ; otherwise the vessel 
will describe small loxodromic lines, and not the arc of a great circle. The following 
method, which if not perfectly exact, approaches very near the truth, may be em- 
ployed to effect this change. 

As the angle at Trinidad is 37* 30', it may be easily seen, that from the time of the 
vessel's departure, till that of her arrival at the place of destination, the angle of the 
course must be gradually diminished, from C9® 44' to 37® 30'. Let us divide the 
difference, which is 32® 14', into 10 equal portions, which will each be 3® 13'. Every 
time then that the difference of longitude is one tenth of the whole, or about 
5® 37", that is, when the vessel has made about 111 leagues of departure towards the 

2N 
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west) it will be necessary to keep 3® 13' more to the south* By these means the 
vessel will be kept nearly on the arc of a great circle, passing through London and 
Trinidad. 

These angles might be more exactly determined by means of trigonometry ; that is, 
by drawing a meridian at about every four degrees of longitude, and successively 
solving the spherical triangles thence resulting; but if we examine what advantage 
would arise from this operation, it will be found of very little importance. The dis- 
tance from Plymouth to Trinidad, measured on a great circle drawn from the one to 
the other, is about 1212 leagues; and if the loxodromic line drawn from the one to 
the other be measured, it will be found to be about 1254. It is therefore not worth 
while to seek for the shortest course to save about 40 leagues ; especially as in sea 
voyages the principal object is not to pursue the shortest route, but to take advantage 
of the wind whatever it may be, in order to complete the voyage. 

PBOBLEM VIII. 

What is the most advantageous form of construction for the prow of the vessel^ in 
order that she mag sail better^ or he easier steered f 

If one only of these objects were to be attained, that for example of cleaving the 
water w'ith the greatest facility, the problem might he easily solved. The sharper a 
vessel is at the prow, the easier she can cut the water, and consequently will be 
better calculated for moving with rapidity. 

But an object still more impoitunt than velocity, is that of being easily worked: 
without this property a vessel, like a refractory horse, would render useless the 
whole art of the navigator. But it is shewn, both by experienee and reason, that a 
vessel, to be manageable, must be narrow towards the prow, in the part immciscd, 
in order that the water which runs along her sides may strike the rudder w'ith more 
facility. She will also be managed with more case, the farther the centre of gravity 
is from the stern ; and for this reason the most obtuse and the widest part of the 
vessel must be towards the bead. This is actually the case in regard to all vessels 
destined for voyages. 

Nature, in regard to this point, seems to have provided man with a model in the 
form of fishes ; for it may be readily seen that the thickest part of the fish is towards 
the head, which in general is even pretty obtuse. Like our ships, they have much 
more need of being able to turn and direct themselves with case, than to move with 
rapidity. The best vessel perhaps would be that constructed according to the exact 
dimensions of a migrating fish, such as the balmoii ; which seems to enjoy, in a 
greater degree than any other, the two properties of moving quick and directing it- 
self with ease. 

M. Camus, a gentleman of Lorraine, gives an account, in his Mechanics, of several 
experiments, from which he endeavours to shew, that the model of a vessel will move 
faster with the thick end foremost, than when cleaving the waves with the other, 
which is sharper: he even assigns reasons for this idea, but they are certainly ill 
founded. These experiments are in absolute contradiction to sound theory ; and 
if ships have that form, it is not that they may move faster, but in consequence 
of the necessity which has been found, of sacrificing the advantage of velocity to 
that of being easily manceuvred. 

M. Moiitucla here, rather injudiciously, opposes theory to experiment, and censures 
Camus improperly, whose experiments and reasonings have been confirmed by the 
more accurate and extensive ones made, in the years 1793 — 1798, by the English So- 
ciety for the improvement of Naval Architecture, as may be seen at large in the 
Report of their Committee, printed in the year 1600. 
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PROBLEM IX. 

What is the tnost expeditious method of coming up with a vessel which is chased^ and 
which is to the leeward f 


When a vessel is desciied at sea, and you are desirous of coining up with her, you 
would be much mistaken if you directed the head of your own vessels towards the 
one you are pui suing; for unless the chase were proceeding on the same couisc 
exactly, you would either be obliged to change your direction every moment, or you 
would lose the advantage of the wind by falling to the leeward. 

If a body a (Fig. 4.) moves in the line ahed^ and if it 
Fig> 4. be proposed that another body a should come up with it, 



the body a ought not to be impelled in the direction a o ; 
for in a few moments a will have advanced on the line in 
which it moves, and will have reached the point 6, for 
example. Hence if we suppose that the body a always 
changes its course, directing itself towards the one it 
pursues, it will describe a eui ve such as A b c d e, and 
will at length reach the body a by going faster, but not 
by the shortest way. If it does not change its direction 
every moment, it will arrive at a point in the line a d% 
which the body a has already left, and will pass it, unless 


it set out to pursue it along the line a d, which would 


still make it lose time. 


it 


Fig. 5. 



To cause the body A therefore to come up with o, in 
the least time possible, a must be directed to a point in 
the line a e (Fig. 5.), so situated, that a r and a e shall be 
to each other in the ratio of their respective velocities. 
But these lines will be in this ratio, if the body a, at 
every moment in its course, has that which it pursues 
similarly situated, in a direction parallel to the direction 
A a ; that is, a a being directed to the south, if the body 
flf, when it reaches h, is to the south of the body a when 


arrives at b ; for it is evident that the lines ae, a e, will then be proportional to the 


velocities of the two bodies, and they wdll arrive at the same time at e or e. 


Navigators are sensible of this, both from practice and reason ; for if a vessel at a 
espies another at a, the course of the latter a e, may be ascertained nearly without 
much diflRculty, and the ship in chase, instead of directing her head towaids a, will 
follow a course such as au, inclined fiom o, and at the some time the bearing of the 
vessel in the direction a a will be taken by means of a compass ; when a has proceeded 
some time, and reached n, for example, while a has reached b, the bearing of the vessel 
a in the direction n b will be again taken : if it be still the same, it is a sign that a is 
gaining ground, for a a and b 6 are parallel. If the chace falls a little behind, it shews 
that she may be pursued in a line making with the direction of her course, a less acute 
angle ; but if she has got a-head, a line more inclined must be pursued to reach her; 
and if the line be as much inclined as possible, and approaches to parallelism, there 
h reason to conclude that the chase is a better sailer, and that all hope of reaching 
her must be given up. 


It is here supposed that the chasing vessel has the advantage, or is to windward ; 
for if she be to leeward, the manoeuvring must be different, unless she has a great 
advantage in being able to be near the wind. But this is not the proper place for 
enlarging on these manoeuvres of the most ingenious of all arts. 


2 N 2 
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NAVIGATION. 


PROBLKM X. 

On determining the Longitude at eea* 

To find tlie longitude at sea is a problem which has long engaged the attention of 
mathematicians ; and they have been stimulated in their efforts by inunifieent rewards 
which have been offered by some of the maritime states of Em ope. The British par- 
liament offered £20000. for the discovery of a practical method which could be relied 
on within certain specified limits; and the reward was paid to Mr. Harrison for the 
improvements which he made in chronometers ; one which he sent from England to 
Jamaica being found le-»s than tw'o minutes in error on its return. 

Since the days of Harrison chronometers have been greatly improved ; they are 
made of a more portable size, and are sold at a comparatively cheap rate. They form 
an essential part ot the outfit of every respectable navigator, and have conferred great 
benefits on maritime science. 

Formerly the mariner had no guide to his longitude but the dubious one depending 
on the compass and the log ; and at the conclusion of along voyage errors amounting 
to several degrees were not niifrequently found in the reckoning. 

To determine the longitude by celestial observations it is nccescary to find by inde- 
pendent processes the time at the place where you arc ; and aKo at the same instant 
the corresponding time at some assigned or known meridian, as that of the Royal Ob- 
servatory at Greenwich, which is the meridian from which English seamen compute 
their longitude. 

Now, with respect to the time at the place of observation, we may observe, that for 
every individual instant, every celestial object has a specific place in the heavens — 
changing its place as the time changes. At every instant its altitude, or its distam*e 
from the horizon, varies ; the change of altitude being most lapid when the bearing of 
the object is east or wesf, and slowest when the bearing is noith or south, th.it is, 
when the object is on the meridian. 

If then the altitude of a celestial object bo observed w’ltli a sextant or ollitr 
like instrument, wdieii the altitude is varying quickly, tlic true mean time at the 
place of observation may be found at the instant of taking the altitude. And if, w’hen 
such an altitude is observed, the time by a chronometer be nolcd, wlio«e error for 
Greenwich mean lime on a given day, and daily gain or loss, arc know'ii.the true nic-in 
time at Greenwich may readily be inferred, and the difference between these local times 
(one for the meridian of the ship, and the other for that of Greenwich) is the longitude 
of the ship in time; and it may be converted into degrees by allowing 16 degrees 
for every hour of time. 

This method of finding the local time at sea, which is that dopending on observed al- 
titudes in a known latitude, may be considered as the only one gcneially practicable at 
sea ; on land many other methods may be used wdth advantage. We have adverted to one 
method of finding the Greenwich time, viz. that by chronometers whose errors and rates 
are settled before going to sea. We have now to give an account of another method 
of determining this important element, which within the last 80 years has been brought 
to a high degree of perfection — w'e mean that by lunar observations. By the succes- 
sive efforts of men of science, building on the foundation laid by Newton, it is now 
found practicable to predict the moon's place in the heavens to a very minute degree of 
accuracy ; and in fact, in the Nautical Almanac, her distance from the sun, nine fixed 
stars, and the four brightest planets, are given for every third hour of mean Green- 
wich time throughout the year, except when the moon is too near the sun to be 
visible. It must not however be understood that her distance is given from all of 
these objects for every day ; a few conveniently situated on each side of her are 
selected for each day, and they are changed for others as the moon changes her 
place. 
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Now if witb a sextant we observe the distance of the moon from one of the objects 
whose distances from her on the day of observation are given in the Nautical Almanac, 
wc must first And *by computation what the observed distance would have been if 
the observer had been at the centre of Ibe earth. The methods which have been 
devised for making this computation are numberless, and many are of neaily equal 
merit. But for the details of the methods we must refer to works on practical na- 
vigation. 

Having found the distance of the moon from the sun, star, or planet, as seen 
from the centre of the earth, we have only to turn to the Nautical Almanac for 
the given day, and find to what Greenwich mean time the distance corresponds ; and 
comparing that time with the local mean time at the ship, the longitude is deduced 
as before. 

In deducing the distance seen at the centre from that observed on the suiface of the 
earth, the altitudes of both objects are necessary elements ; and if either of the 
objects be at a suitable distance from the meridian, the mean time at the place may be 
deduced from its altitude, and the longitude found accordingly. 

The longitude may also be found by comparing the mean time at the ship, of the 
immersion of one of Jupiter’s satellites in his shadow, or the emersion of the satellite 
fiom the shadow, with the Greenwich time of the immersion or emersion as given 
for the day in the Nautical Almanac. Much difficulty has however been experienced 
in holding a telescope, of sufficient magnifying power for observing these eclipses, 
steady at sea ; but w e are assured that some persons have succeeded in doing so. 

Eclipses of the moon have also been used for finding the Greenwich time ; but the 
times of beginning and end, or the contact of the border of the earth’s shadow with 
the ^pots on the moon, can seldom bt noted with requisite precision. 

Eclipses of the sun and the kindred phonomenu of oceultations of stars by the moon 
have oeeasionully been made available for the same object. They admit of great pre- 
cision in the results, but the necessary calculations are long and iiitiicatc, and the phe- 
nomena oceur too seldom to be of much use in the practice of navigation. 

It is to the moon, however, that astronomers have in general looked for the solu- 
tion of this problem; the compaiative quickness of her angular motion rendering her 
decidedly the most eligible of all celestial objects for determining by her motions 
small inteivals of time. 

Some persons have recently proposed her meridian altitudes observed in a latitude 
determined by othei means, for finding the longitude ; and there is no doubt that the 
longitude is involved as an element in the observed altitude. But no latitude can be 
determined at sea with the precision requisite to render this method of any value, 
and it is much to be wished that seamen were put on their guard against trusting to 
any such method of tindiiig their longitude. 

Before closing this article, we shall give an account of a method which has been 
extensively used within the last few years, for finding differences of longitude on 
land ; the observations being the differences between the intervals of transit over 
the meridjan of the moon’s bright limb, and a star, as observed by transit instuments 
at two different places ; availing ourselves of the form under which Mr. Riddle l^as 
put the problem in his “Treatise on Navigation and Nautical Astronomy.’’ 

it is evident (Mr. Riddle observes), that if the moon had no motion, and her 
semi-diameter did not change, the interval between the times of transit would be the 
same at both places, and that the difference of the intervals arises from and is equal 
to the increase of the moon’s right ascension in the time of the limb’s passing ffom one 
meridian to the other ; or the westerly meridian must revolve in that time through 
an angle equal to the sum of the difference of longitude, and the increase of the moon’s 
right ascension. 

Therefore, if D=::the different longitude i = the increase, in time of the moon’s 
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AROHITSCTURE. 


PART NINTH. 

CONTAINING SOME CURIOUS PARTICULARS IN REGARD TO 
ARCHITECTURE. 


Architectttiib may be considered under two points of view. According to the 
first, it is an art, the object of which is to unite utility and grace ; to give to an 
edifice that form fittest for the purpose to which it is destined, and at the same time 
the most agreeable by its proportions ; to strike the beholder by magnitude or ex- 
tent, and to please by the harmony of the different parts and their relation to each 
other : the more an architect succeeds in uniting all these requisites, the more he 
will be entitled to rank among the eminent men who have distinguished themselves 
in this art. 

But it is not under this point of view that we here consider it ; we shall confine 
ourselves to the geometrical and mechanical part of Architecture, as it presents us 
with several curious and useful questions, which we shall lay before the reader. 

PROBLEM I. 

To cut a Tiee into a Beam capable of the greatest possible resistance. 

This problem belongs properly to Mechanics; but on account of its use in Archi- 
tecture, we thought it might be proper to give it a place here, and to discuss it both 
geometrically and philosophically. We shall first examine it under the former point 
of view. 

Galileo, who first undertook to apply geometry to the resistance of solids, has 
determined on a very ingenious train of reasoning, that when a body is placed hori- 
zontally, and fixed by one of its extremities, as is the case with a quadrangular beam 
projecting from a wall, if a weight he suspended from the other extremity, in order 
to break it, the resistance which it opposes is in the compound ratio of the horizontal 
dimension and the square of the vertical dimension. But this would be more 
correctly true, if the matter of the body were of a homogeneous and indexible 
texture. 

It has Deen shewn also, that if a beam is supported at both extremities, and if a 
weight, tending to break it, be suspended from the middle, the lesistance it opposes 
is in the ratio of the product of the breadth and square of the depth, divided by half 
the length. 

To solve therefore the proposed problem, we must cut from the trunk of the 
tree a beam of such dimensions, that the product of the 
square of the one by the other shall be the greatest possible. 

Let A B then (Fig. 1.), be the diameter of the circle, which 
is the section of the trunk ; the question is, to inscribe in 
this circle a rectangle, as a e b f, of such a nature, that the 
square of one of its sides a f, multiplied by the other side 
A B, shall give the greatest product. But it can be proved 
that, for this purpose, we must first take, in the diameter a b, 
the part a d equal to a third of it, and raise the perpendicular 


Fig. I. 




THE STRONGEST BEAMS. 


553 


B B, till it meet the circumference in x : if be and x a be tben drawn, and also a f 
and F B parallel to them, we shall have the rectangle ae b f, of such a nature, that 
the product of the square of a f by b f, will be greater than that given by any other 
rectangle inscribed in the same circle. If a beam of these dimensions, cut from the 
proposed trunk, be placed in such a manner, that its greatest breadth a f shall be 
perpendicular to the horizon, it will present more resistance than any other that 
could be cut from the same trunk ; and even than a square beam cut from it, though 
the latter would contain more matter. 

Remark . — Such w^ould be the solution of the problem, if the suppositions from 
which Galileo deduced his principles, in regard to the resistance of solids, were 
altogether correct. He indeed supposes that the matter of the body to be broken 
is perfectly homogeneous, or composed of parallel fibres, equally distributed around 
the axis, and presenting an equal resistance to rupture ; but this is not entirely the 
case with a beam cut from the trunk of a tree which has been squared. 

By examining the manner in which vegetation takes place, it has been found, that 
the ligneous coats of a tree, formed by its annual growth, are almost concentric ; and 
that they are like so many hollow cylinders, thrust into each other, and united by a 
kind of medullary substance, which presents little resistance : it is therefore these 
ligneous cylinders chiefly, and almost wholly, which oppose resistance to the force 
that tends to break them. 

But, what takes place when the trunk of a tree is squared, in order that it may be 
converted into a beam? It is evident — and it will be rendered more sensible by 
inspecting Fig. 2 — that all the ligneous cylinders, greater than 
the circle inscribed in the square, which is the section of the 
beam, are cut off on the sides ; and therefore the whole resist* 
ance almost arises from the cylindric trunk inscribed in the solid 
part of the beam. The portions of the cylindric coats which 
are towards the angles, add indeed a little strength to that cy- 
linder, for they cannot fail of opposing some resistance to the 
breaking force ; but it is much less than if the ligneous cylinder 
were entire. In the state in which they are they oppose only a moderate effort to 
flection, and even to rupture. For this reason, there is no comparison between the 
strength of a joist made of a small tree, and that of another which has been sawn, 
or cut with several others from the same beam or block. The latter is generally 
weak, and so liable to break, that joists, and other timber of this kind, ought to be 
carefully rejected from all wooden work which has to support any considerable 
W'eight. 

We shall here add, that these ligneous and concentric cylinders are not all of equal 
strength. The coats nearest the centre, being the oldest, are also the hardest ; while, 
according to theory, the absolute resistance is supposed to be uniform throughout. 

It needs therefore excite no surprise, that experience should not entirely confirm, 
and even that it should sometimes oppose, the result of theory. Hence we are under 
considerable obligations to Dubamel and Buffon, for having subjected the resistance 
of timber to experiments ; as it is of great importance in architecture to know the 
strength of the beams employed, in order that larger and more timber than is neces- 
sary may not be used. 

But notwithstanding what has been said, it is very probable that the beam capable 
of the greatest resistance, w’hich can be cut from the trunk of a tree, is not the 
square beam ; for the following experiments made by Duhamel seem to prove, the 
size being the same, that the beam which has more depth in proportion than breadth, 
when the depth is placed vertically, presents so much more resistance ; and even 


Fig. 2 . 





552 


ahchitbcturb. 


PAHT NINTH. 

CONTAINING SOME CURIOUS PARTICULARS IN REGARD TO 
ARCHITECTURE. 


Architecture may be considered under two points of view. According to the 
first, it is an art, the object of which is to unite utility and grace ; to give to an 
edifice that form fittest for the purpose to which it is destined, and at the same time 
the most agreeable by its proportions ; to strike the beholder by magnitude or ex- 
tent, and to please by the harmony of the different parts and their relation to each 
other : the more an architect succeeds in uniting all these requisites, the more he 
will be entitled to rank among the eminent men who have distinguished themselves 
in this art. 

But it is not under this point of view that we here consider it ; we shall confine 
ourselves to the geometrical and mechanical part of Architecture, as it presents us 
with several curious and useful questions, which we shall lay before the reader. 

PROBLEM I. 

To cut a Tiee into a Beam capable of the greatest possible resistance. 

This problem belongs properly to Mechanics ; but on account of its use in Archi- 
tecture, we thought it might be proper to give it a place here, and to discuss it both 
geometrically and philosophically. We shall first examine it under the former point 
of view. 

Galileo, who first undertook to apply geometry to the resistance of solids, has 
determined on a very ingenious train of reasoning, that when a body is placed hori- 
zontally, and fixed by one of its extremities, as is the case with a quadrangular beam 
projecting from a wall, if a weight be suspended from the other extremity, in order 
to break it, the resistance which it opposes is in the compound ratio of the horizontal 
dimension and the square of the vertical dimension. But this would be more 
correctly true, if the matter of the body were of a homogeneous and indexible 
texture. 

It has oeen shewn also, that if a beam is supported at both extremities, and if a 
weight, tending to break it, be suspended from the middle, the resistance it opposes 
is in the ratio of the product of the breadth and square of the depth, divided by half 
the length. 

To solve therefore the proposed problem, we must cut from the trunk of the 
tree a beam of such dimensions, that the product of the 
square of the one by the other shall be the greatest possible. 

Let A n then (Fig. 1.), be the diameter of the circle, which 
is the section of the trunk; the question is, to inscribe in 
this circle a rectangle, as a ebf, of such a nature, that the 
square of one of its sides a f, multiplied by the other side 
A B, shall give the greatest product. But it can be proved 
that, for this purpose, we must first take, in the diameter a b, 
the part a d equal to a third of it, and raise the perpendicular 
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X> s» till it meet the circumference in e : if b e and e a be then drawn, and also a r 
and F B parallel to them, we shall have the rectangle aeb f, of such a nature, that 
the product of the square pf A f by b f, will be greater than that given by any other 
rectangle inscribed in the same circle. If a beam of these dimensions, cut from the 
proposed trunk, be placed in such a manner, that its greatest breadth a f shall be 
perpendicular to the horizon, it will present more resistance than any other that 
could be cut from the same trunk ; and even than a square beam cut from it, though 
the latter would contain more matter. 

Remark , — Such would be the solution of the problem, if the suppositions from 
which Galileo deduced his principles, in regard to the resistance of solids, were 
altogether correct. He indeed supposes that the matter of the body to be broken 
is perfectly homogeneous, or composed of parallel fibres, equally distributed around 
the axis, and presenting an equal resistance to rupture ; but this is not entirely the 
case with a beam cut from the trunk of a tree which has been squared. 

By examining the manner in which vegetation takes place, it has been found, that 
the ligneous coats of a tree, formed by its annual growth, are almost concentric ; and 
that they are like so many hollow cylinders, thrust into each other, and united by a 
kind of medullary substance, which presents little resistance : it is therefore these 
ligneous cylinders chiefly, and almost wholly, which oppose resistance to the force 
that tends to break them. 

But, what takes place when the trunk of a tree is squared, in order that it may be 
converted into a beam? It is evident — and it will be rendered more sensible by 
inspecting Fig. 2 — that all the ligneous cylinders, greater than 
the circle inscribed in the square, which is the section of the 
beam, are cut off on the sides ; and therefore the whole resist- 
ance almost arises from the cylindric trunk inscribed in the solid 
part of the beam. The portions of the cylindric coats which 
are towards the angles, add indeed a little strength to that cy- 
linder, for they cannot fail of opposing some resistance to the 
breaking force ; but it is much less than if the ligneous cylinder 
were entire. In the state in which they are they oppose only a moderate eflfort to 
flection, and even to rupture. For this reason, there is no comparison between the 
strength of a joist made of a small tree, and that of another which has been sawn, 
or cut with several others from the same beam or block. The latter is generally 
weak, and so liable to break, that joists, and other timber of this kind, ought to be 
carefully rejected from all woodeu work which has to support any considerable 
W'eight. 

We shall here add, that these ligneous and concentric cylinders are not all of equal 
strength. The coats nearest the centre, being the oldest, are also the hardest ; while, 
according to theory, the absolute resistance is supposed to be uniform throughout. 

It needs therefore excite no surprise, that experience should not entirely confirm, 
and even that it should sometimes oppose, the result of theory. Hence we are under 
considerable obligations to Dubamel and Buflfon, for having subjected the resistance 
of timber to experiments ; as it is of great importance in architecture to know the 
strength of the beams employed, in order that larger and more timber than is neces- 
sary may not be used. 

But notwithstanding what has been said, it is very probable that the beam capable 
of the greatest resistance, which can be cut from the trunk of a tree, is not the 
square beam ; for the following experiments made by Dubamel seem to prove, the 
size being the same, that the beam which has more depth in proportion than breadth, 
when the depth is placed vertically, presents so much more resistance ; and even 
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wHbout deviating very mudi from tbe law proposed by Galileo, viz., the oomponnd 
ratio ijiihe square of vertical dimension and that of the breadth. 

Duhamel indeed caused to be broken twenty square bars of the same volume, to 
determine what form of dressing would render them capable of the greatest resist- 
ance. They all had 100 square lines of base, and four of each sort were employed of 
the different dimensions, to compose the same area. 

The first four, which were 10 lines in every direction, sustained a weight of 131 
pounds. 

Four others, which were 12 lines in one direction and 8} in another, sustained each 
154 pounds. The above law would give 157 pounds. 

The next four, which were 14 lines in height and 7if in breadth, supported each 
164 pounds. Calculation would give 183 pounds. 

Four more, which were 16 lines in height and 6| in breadth, sustained each 180 
pounds. According to calculation they ought to have supported 209 pounds. 

The last four, which were 18 lines in height and 5} in breadth, sustained each 243 
pounds. Calculation would have given only 233 pounds. It is very singular that in 
this case calculation should give less than experience ; while in the other cases the 
result was contrary, 

Buffon began experiments on a larger scale, in regard to the resistance of timber, an 
account of which may be seen in the Memoirs of the Academy of Sciences for the 
year 1741. It is to be regretted that he did not pursue this subject, on which no one 
could have thrown more light. It appears to result from these experiments, that the 
resistance increases less than in the square of the vcrlical dimension, and decreases in 
a ratio somewhat greater than the inverse of the length. 

In short, the result of the w'hole is, that to solve the proposed problem, it would 
be necessary to have physical data of which we arc not }et in possession ; that the 
beam capable of tbe greatest resistance, that can be cut from the trunk of a tree, is 
not a square beam ; and that in general many researches arc to be made respecting 
tbe lightening of carpenters’ work, which often contains forests of timber in a great 
part useless. 

Our readers are referred to Barlow on the Strength of Timber, for a series of valu- 
able experiments and important deductions on this subject. 


PROBLEM II. 

Of the mo&t jterfeci form of an Arch, Ptopertien of the Catenarian Curve ^ and their 
application to the solution of this problem. 

The most perfect arch, no doubt, would be that, the voussoirs of which being 
exceedingly thin, and even smooth on the sides in contact, should maintain them- 
selves in complete cquilibiium. It may easily be perceived that, in consequence of 
this form, very light materials might be employed ; and \vc shall shew also that its 
push or thrust on the piers would be much less than that of any other arch of the 
same height, constructed on the same piers. 

This property and this advantage are found in a curve well knowm to geometri- 
daiis under the name of the Catenarian, and called by the French la Chainette. This 
name has been given to it because it represents the curve as- 
Fig. 3. Slimed by a chain a c b, Fig. 3, composed of an indefinite number 

A R of infinitely small and perfectly equal links, or by a rope per- 

T J fectly uniform and exceedingly flexible, when suspended freely 

\ / by its two extremities. 

\ / The determination of this curve was one of those problems 

which Leibnitz and Bernoulli proposed towards the end of the 
17th century, in order to shew the superiority of their calcu- 
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latioB over tbe eommon analysig ; which indeed is hardly sutfteient to solve a inroblem 
of this nature. But we must here confine ourselves to a few of the properties of the 
curve in question. 

If the curve a b c, (Figs. 3., 4.), be disposed in such a manner, 
that its summit shall be uppermost; and if a multitude of globes 
be so arranged, that their centre shall be in the circumference 
of this curve, they will all remain motionless and in equilibrium : 
much more will this equilibrium subsist, if, instead of balls, we 
substitute thin voussoirs, the joints of which will pass through 
the points in contact, as they will touch each other in a surface 
far more extensive than the points in which we suppose the balls to touch each 
other. 
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Now to describe a curve of this kind is attended with no 
difficulty ; for let us suppose that the space a b, comprehended 
between the two piers a and n of Fig. 5., is to be covered 
with an arch, and that the elevation of this arch is to be s c. 
Trace out on a walla horizontal line a b, Fig. 6, equal to a B ; 
then from the middle of a h draw e perpendicular to it, and 
equal to s c ; and having fixed to the points, a and 6, the 
two ends of a very flexible rope or chain, formed of small links 
peifectly equal and very moveable, so that when suspended 
freely it shall pass through the point c, mark out on the wall a 
sufficient number of the points or eyes of these links, without 
deranging them; the curve described through these points 
will be the one required ; and nothing will he easier than to 
tiace out the plan of it on the wall as represented by acb, 
Fig. 5. 

Then trace out at an equal distance, both without and within 
acb, two curves, which will represent the extrados and intra- 
dos of the arch to be constructed. Divide the curve a c into 
any number of equal parts at pleasure ; and through these 
points of division draw lines perpendicular to the curve, which 
may be done mechanically with sufficient exactness for practice : 
these pel pendiculars will divide the arch into voussoirs; and 
you will thus have a plan of the arch described on the wall. From 


this plan it will be easy to construct the paniiel or model boards for cutting the stones 
according to the proper form. If these operations are accurately performed, were 
the line abb hundred feet, and the height s c still more, the voussoirs of this arch 
would maintain themselves in equilibrium, however small the part in contact might 
be : for, mathematically speaking, they ought to maintain themselves in equilibrium 
even if the sin faces in contact were highly polished and slippery: consequently the 
equilibrium will subsist much more when cut in the usual manner. 

Now to find the force with which an arch of this kind pushes against its piers, or 
tends to overturn them, draw a tangent to the point a the commencement of the 
curve. Fig. 6., which may he done mechanically by assuming two points very near the 
curve, and drawing through these points a line which will meet in ^ the axis t c con- 
tinued.* This tangent being given, it can be demonstrated in mechanics that the 
whole weight of the semi-arch a c, is to the weight or force with which it pushes the 


• Tliis tanirent may be drawn geometrically in the fbllowinp manner ; makense of this proportion ; 
as 2 f c in to a c + s c, to w a c —■ * c to a. fourth term, which we shall call c u , if >ou then say : 
as c w is to a c, so is a i to J r, the point t will be that where the tangent to the point a will meet 
the axis. 
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pier in a borizontal direction, as s < is to so. On the other hand, we must add to the 
weight of the pier the force with which the semi-arch presses upon it perpendicu- 
larly ; that is to say, the absolute weight of the semi-arch : in this manner the thick- 
ness of the pier may be found, by the following arithmetical operation, which we shall 
here substitute for a geometrical construction, as the latter might appear too complex 
to the generality of our readers. 

We shall suppose the span ▲ b to be 60 feet. Fig. 5. and 6., and consequently 
A B will be 30 feet ; we suppose 8 c to be 30 feet also, in order that we may compare 
the push or thrust of this arch with that of a semi-circular one. Let the length a c 
be 45 feet 1 inch 8 lines,* and the breadth of the arch 1 foot ; for, on account of the 
reasons above mentioned, it may be coustructed with safety in this light manner. If 
the height of the pier then be 40 feet, required the thickness it ought to have in 
order to overcome the thrust of the arch. 

It will be found, on this supposition, that the tangent of the point a, the com- 
mencement of the catenarian curve or arch, will meet its axis s c produced, in a point 
t so situated, that a t will be 71]^ feet. If s a be then divided by s r, we shall have 
the number which must be reserved, and which we shall call N. 

Now take a fourth pioportional to the height of the pier, the length A c of the 
semi-arch, and to its thickness, and let the half of this fourth propoitional, which iii 
this is be called d. 

Then multiply a c by the thickne«s 1, and the product by double the reserved 
number n, which will give 37?; to this number add the squaie of i>, and extract 
the square root of the sum, which will be 6^. if the above numlier d be taken from 
this root, we shall have 5 feet 7 inches, for the breadth of tbepier.| The pier being 
constructed of materials homogeneous to the arch, it is certain that it will resist the 
force with W'hich the latter tends to throw it down ; for, to simplify the calculation, 
wc have made a supposition which is not altogether exact, but which increa‘*es in some 
roeasure the breadth of the pier. This observation we think necessary, that we may 
not be accused of committing a wilful error. 

If this breadth be compared with that necessary to support a ciicular aich forming 
a complete semi-circle, the latter will be found to be much greater, for it ought to be 
near 8 feet. 

The push of an arch constructed on a circular foundation, such as the aich of a 
dome, being only about one half that exerted on its piers by a vault arch of the same 
thickness, it thence follows that, on the above supposition, the side of such a dome 
would require only33J inches in thickness. But it can be demonstrated, even by the figure 
of the catenarian curve, that the arch may be but about a foot in thickness. Hence 
we may see how ill founded was the objection made to the architect of the church of 
Saint Genevieve, of its being impossible to construct, on the base he employed, the 
dome which he projected ; for he could have done it even if we suppose his construc- 
tion to be such as the author of the objection traced out to him, according to the 
precepts of Fontana, or rather according to the mode which that architect followed in 
the construction of his domes. What then would have been the case, had the 
architect alluded to, instead of first constructing a cylinder of 3G feet, which it how- 
ever appears was never his design, made bis arch rise immediately in a catenarian 
curve, above the circular cornice, which crowned his pendentives, or above a socle 
of small height? It is evident that the push of this arch would have been much 
less ; and it would not be surprising if it should he found by calculation that his 
piers would have been capable of sustaining the arch raised above them, even suppos- 

* It it found by calculation that this ought to be the length. 

f Tbit determination of the breadth or thicknett of the pier, if not m athematically correct, may 
at least be considered as sufficiently near for practical purpt'ses. 
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ing them insulated, and not allowing them any support from the re-entering angles 
of the church, which might have been made to rest against them. 

We shall conclude with observing, that if it were required to find, by prin- 
ciples similar to those which gave rise to the discovery of the catenarian curve, 
the most advantageous form for a dome, the problem would be exceedingly diffi- 
cult; for if we suppose this arch divided into small sectors, it will be evident that 
the weight of the voiissoirs is not equal, and that their relation depends even 
on the form given to the arch. What has been here said, ought therefore to be 
considered only as an approximation of the most advantageous figure which the 
arch in that case ought to have. 


PaOBLEM III. 

How to constfuct a hemispherical arch, or what the Fiench Architects call an arch 
en cvl-de-four, which shall have no thtust on the piers. 

The dispute carried on, some years ago, with a considerable degree of warmth, 
respecting the possibility of executing the cupola of the new church of Saint Gene- 
vieve, gave me an opportunity of examining whether, even on the supposition that 
the supporters would be necessarily too weak to resist the thrust of an arch of 63 
feet in diameter, there might not be found some resources to render the construction 
of the cufiola possible. I soon found that it W'as possible, by means of a very simple 
artifice, to construct a hemispherical arch, or an arch in the form of a seini-spheioid, 
which should have nosortof thrust on its piers, or on the cylindric tower by which 
it is supported. This will be readily conceived from the following reasoning and 
illustration. 

It 18 evident that a hemispherical arch would exert no thrust on its support, if the 
first row were of one piece. But though this is impossible, the deficiency may be 
supplied, and such an arrangement may be made, that not only the fust row, but th it 
several of those above it, shall be disposed in such a manner, that their voussoirs 
can have no movement capable of disjoining them, as we shall here shew. The he- 
mispherical arch will then exert no kind of thrust on its supporters ; so that it may 
not only be sustained by the lightest cylindric pier, but even b^ uiinple column^, 
which would furnish the means of reaiiiig a work very leinarkable on account of its 
construction. Let us see, then, how the voussoirs of any low can be connected in 
such a mannei as to have no motion tending to make them recede from the centre. 
There aid several methods of accomplishing this object. 

Ist. Let A and u (Fig. 7. No. 2) be two conti- 
guous voussoirs, which we shall suppose to be three 
feet ill length, and a foot and a half in breadth. 
Cut out on the contiguous sides two cavities in the 
form of a dove-tail, four inches in depth, with an 
aperture of the same extent at ab ; five or six 
inches in length, and as much in breadth ntcif. 
This cavity will serve to receive a double key ot 
cast iron, ns appears in the same Fig. No. 1 ; or even 
of common forged iron, which will be still more secure, as the latter is not so brittle 
as the former. Tbe«e two voussoirs will thus be connected together in such a man- 
ner, that they cannot be separated without hreaking the dove tail at its re-entering 
angle ; but as each of its dimensions in this place will be four inches, it may be easily 
seen that an immense force would be required to produce that effect; for we are 
taught, by well known experiments on the stiength of iron, that it requires a force 
of 4500 pounds to break a bar of forged iron an inch square by the arm of a lever 
of 6 inches : consequently 28R000 would be necessary to break a bar of 16 square 
inches, like that in question. Hence there is reason to conclude that these voussoiri 
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will be connected together by a force of 288000 pounds, and as they will never ex- 
perience an effort to disjoin them nearly so great, as might easily be proved by cal- 
culation, it follows that they may be considered as one piece. 

They might even be still farther strengthened, in a very considerable degree : for 
the height of these dove-tails might be made double, and a cavity might be cut in 
the middle of the bed of the upper voussoir, fit to receive it entirely : the dove-tail 
could not then be broken without breaking the upper voussoir also. But it may 
easily seen that, to produce this effect, an immense force would be required. 

2d. But as some persons may condemn the use of iron in works of this kind, we 
shall propose another method, not attended with tlie same inconvenience, if it really 
be one;* and in which nothing is employed but stone combined with stone. 

Let A and b (Fig. 8.) be two contiguous voussoirs 
Fig, 8. No, 1 . of the first row, and c the inverted voussoir of the 

upper next row, which ought to cover the joining. 
Each of the two former voussoirs being divided into 
two, cut out in the middle of each half a hemisphe- 
rical cavity, half a foot in diameter ; then take w’ith 
great exactness the distance of the centres of the 
cavities a and c, which are in two contiguous voiis- 
soirs, and by these means cut out two similar cavi- 
ties in the lower bed of the voussoir, which is to be 
placed in connection on the preceding. Then fill the cavities a and c with two globes 
of very hard marble, and place the upper voussoir in such a manner that these* two 
globes shall fit exactly into the cavities of its low'er bed. If tins operation b** dex* 
terously performed throughout the whole range of the fiist, second, and tbn i lows, 
it may be easily perceived, that all these voussoiis will form together one solid body, 
the parts of which cannot be separated ; for the two voussoirs a and u cannot be 
disunited without breaking either the balls of marble which connect them with the 
upper voussoir, or breaking the upper voussoir through the middle. But even if we 
suppose this effect, which could not be produced without a force almost inconceiv- 
able, or at least far superior to the action of the arch, the two halves of the broken 
voussoir being themselves sustained in a similar manner by the superioi voussoirs, no 
tendency to separate from each other could thence result: the three rows theiefore 
of the arch would form only one piece, and there would be no thrust. It will be 
sufficient if the base of this arch have such a thickness as to pievent it from being 
crushed by its absolute weight; and a very moderate thickness, if the materials be 
good, will answer this purpose. 

We think wc have proved therefore, by these two methods, that a hemispherical 
arch might be constructed without any thrust on its suppoi ters ; consequently if we 
even suppose that the architect of Saint Genevieve had adopted the form of Fon- 
tana's domes, and had begun by raising on his pendcntivesa tower of about 3G feet 
in height, to be crowned by a hemispherical dome, it would not have been impos- 
sible to give it a solid construction. 

PROBLEM IV. 

m what manner the thrust of arches may be considerably diminished. 

Architects, in our opinion, have not considered with sufficient attention the re- 

• All architects, indeed, are not so nice in their choice of materialn ; hut it appears to us that the 
frequent use of iron for strengthening buildings is subiect to mueb inconvenience and danger. We 
at least wish that public monuments were constructed without it; for if they can support themselves 

without iron, it is needless: if iron is essential to strength, it will certainly be consumed in the 
cuime of time by rust, and the edifice will then tumble to pieces, or be greatly injured, llie use 
•f iron then m this case is attended with bad consequences. 
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sources afforded by mecbanics, for diminisfaitifi:, on many occasions, the thrust of 
arches. We shall therefore present the reader with some observations on that subject. 

When the manner in which an arch tends to overturn its piers is analyzed, it ap- 
pears that the arch necessarily divides itself somewhere in its flanks, and that the 
upper part acts in the form of a wedge or a lever on the remainder of the arch, and 
on the pier, which are supposed to form one body. This consideration then suggests, 
that to diminish the thrust of the aicb, or increase the stability of the pier, the 
commencement of the flanks ought to be loaded ; and that the thickness of the 
voussoiis near the key ought to be considerably lessened : in short, to make the arch, 
instead of having a uniform thickness throughout its whole extent, to be very thick 
at its origin, and at the key to be no thicker than what is necessary to resist the 
pressure of the flanks. It may be easily perceived, that as by this method a part 
of the force which acts to overturn it, is thrown upon that which resists being over- 
turned, the latter will gain a great advantage over the former. 

It is to arches in the form of a dome, in particular, that this consideration is appli- 
cable ; and not only might this method be employed, but also heterogeneity of ma- 
terials. For this purpose, let us suppose ourselves in the place of the architect 
of Saint Genevieve, and that it is necessary to construct his dome by first raising 
a round tower 3G feet in height, to he afteiward^ crowned by an arch, which we 
shall suppose to be hemispherical, though he was allowed to make it a little more 
elevated than that form, in order that it might appear hemispherical when seen 
at a moderate distance. It is found that giving to this arch the uniform thickness 
of a foot and a half, the towei ought to be 44 feet in thickness at the utmost, which 
added to some necessary enlargement at the foundation, for the sake of solidity, 
exceeds the breadth of the basis which might be given to it in a part of its cir- 
cumference. But, according to the above considerations, what would prevent this 
tower, and the first rows, even as far as towards the middle of the flanks of the 
arch, from being constructed of materials much more ponderous than the rest of the 
arch ? For we are acquainted with some stones, such as hard and coarse marble, 
which weigh 230 pounds the cubic foot ; while the Saint Li u, in the neighbourhood 
of Paris, weighs only 132, and brick much less. Instead of giving to the arch the 
uniform thickness of a foot and a half, why might it not be made three feet at 
the spring, and only eight inches towards the kummit ? But by making the fol- 
lowing suppositions, namely that the tower and the first rows of the arch, as far 
as the middle of the flanks, are of the hard stone in the neighbourhood of Paris, 
which weighs 170 pounds the cubic foot, and the re&t of brick which weighs only 
130 ; and that the arch at its spring, as tar as the middle, is 2J feet in thickness, 
and only 8 inches towaids the summit; w^e have found that the tower in question 
ought to be only 1 foot 8J inclus in thickness, to be in equilibrium with the thrust 
of the arch. If this tower therefore were made 3 feet in thickness, it is evident 
to the most timid architect, that it would be more than sufficient to counteract 
every effect of lateral pressure ; and it would be still more so were it made 3^ feet in 
thickness to a certain height, such as that of 9 feet, for example, and then 3 feet or 
2 feet 9 inches to the commencement of the arch ; as a pier is strengthened by 
throwing to its lower part a portion of its thickness, instead of making it equally 
thick throughout ; since the point on which it ought to turn, in order to be thrown 
down, is removed farther hack. 

But this is enough on a subject which we have introduced here occasionally. 

PROBLEM V. 

Two persons^ who are neighbours, have each a small piece of ground, on which they 

intend to build ; hut, in order to gain as much room as possible, they agree to con- 

struct a stair common to both houses, and of such a nature, that the inhabitants shall 
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miiMatt partat to utrry pl^^t hiio oxoeutiaaf 
%W flilni tee propoted mejr be isoaetrueled In the fblkming iiiaiiiier« of wbld» 

Let Fig. 9. No. t. be a plan of the atairt , the jform 
of which is of such a nature as to ascend, without 
being too steep, firom the lower to the 6rst story in 
cme revolution, or somewhat less. In a common ves* 
tibule A, the entrance to which is through a common 
door p, construct on the right at b the commencement 
of the ramp intended for the house on the right ; and 
make it circulate from right to left, as far as a landing 
place, which must be constructed above the landing 
place B : the stairs may then be continued in the same 
manner to a second or third story. 

The commencement of the other stair-case must 
be on the side diametrically opposite at c ; and must 
circulate in the same direction, in order to arrive, 
after one revoltition, at a landing place forming the 
entrance to the first story of the house on the left ; 
so that if the inside railing of these stall -cases be 
open, as it may be easily made, those who ascend or 
descend, by one of them, can see those who are on 
the other, without having any communication but 
by the common vestibule a, and the door of entrance. 
A section of this double stair-case is seen Fig. 9. 
No. 2. 

At the castle of Chambord there is a stair-case 
nearly of this form, which serves for the whole 
building. For, as this edifice consists of four grand 
vestibules or immense saloons, placed opposite to 
each other, in the form of a Greek cioss, and into 
which all the apartments open, Serlio, the architect, constructed the stair-case in 
the centre of this cross; and, by means of a double ramp, those who enter from the 
south vestibule on the ground floor, and who front the stair-case before them, arrive 
after one revolution at the southern vestibule or saloon of the first story, and rice 
verftd. 

But though the form of this stair-case is very ingenious, it has some very great 
defects, which might have been easily avoided. 1st. The entrance of the stair-case, 
instead of being directly opposite to the middle of each saloon, is a little on one 
side. 2d. There is no landing place before the door which forms the entrance into 
this story. 3d. The interior railing, which might have been light, and almost en- 
tirely open, has only a very small number of apertures. 

If the ground would admit, the same artifice might be employed to construct a 
stair-case with four ramps, all separate from each other, in order to ascend to four 
different apartments. The plan of a stair of this kind, which is said to have been 
constructed at Chambord, may be seen in Palladio. That of Serlio, on account 
of the four galleries to be entered, would no doubt have been much more beautiful, 
bad it been built on the same plan ; but we can assert that the stair of Chambord 
bag only two ramps as above described. 

JRemar A.-— Some stairs are distinguished by another peculiarity, namely, the bold- 
ness cf their construction. Such are those stairs in the form of a screw, the helix of 
which forms a spiral entirely suspended ; to that there remains in the middle a vacuity 
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of greater or less extent. This bold construction depends on tbe manner in which 
the steps are cut, and their being fixed by one end in the wall which on one side sup- 
plies the place of a rail. A full account of the mechanism of them may he seen in 
most works on architecture. 


PROBLEM VI. 

To construct a floor with joists, the length of which is little more than the half of that 
necessary to reach from the one wall to the other. 

Let the square a B c d (Fig. 10 ), be the frame of the floor which is to be covered 
with joists a little more in length than the half of one of the sides a b. On tbe sides 
of this square assume the parts a o, b i, c l, and d b, equal to the given length of the 
joists, which must be arranged as seen in the figure ; that is, first 
place E F, and introduce below it a n, with its end ii resting on 
I R ; and let k, the end of i k, rest upon l m, the end of which 
M must be made to rest upon the first joist e f. It may be easily 
proved, that in this position these joists will mutually support 
each other, without falling. 

It is almost needless to observe that the end of each joist 
must be cut in silch a manner as to enter a notch made for it in 
the joist on which it rests, and into which it ought to be well 
fitted. However, as a notch cut into a joist must lessen its 
strength, it would perhaps be better to make the end of each joist rest on an iron 
stirrup of a sufficient size, and affixed to them in a sccuic manner. 

But it 18 not necessary th.it the joists should be a little longer than half the breadth of 
the frame to be covered : a floor may be constructed with pieces of wood much 
shorter, if they be cut and arranged in a proper manner. 

Let us suppose, for example, that an aica of 12 feet square is to he covered, and 
that the pieces of wood, intended to support the floor, are only 2 feet in length. Cut 
the extremities of one of these pieces of wood in an 
oblique form, or into a bevel, as represented by the 
section A c D or II E r (Fig. 11.; ; and in the middle 
of the same piece, form on each side a notch, for re- 
ceiving the end of another piece cut in like manner. 
If the same operation be performed on all the rest, 
they may then be arranged as seen in the figure; a 
bale view of which will give a better idea of the arti- 
fice here employed, than a long description. The 
oblong spaces, which remain along the walls, may he 
filled up with pieces of wood half tbe length of the 
former. The scatfolding may then be removed with 
great safety, for these pieces of wood will form a solid 
floor, and will mutually support each other, provided none of them is destroyed ; for 
it is to be observed that the breaking of one would make the whole fall to pieces. 

Dr. Wallis, at the end of the third volume of his works, gives a groat variety of 
these combinations, and he says that this invention was employed in some parts of Eng- 
land. But on account of the reasons already mentioned, it is to beconsideied rather as 
ingenious than useful, and fit only to be adopted when there is a great scarcity of 
timber, and for floors ^\hich have very little weight to support. 

Jiematk . — Instead of pieces of wood, if we suppose stones to be cut in the same 
manner, it is evident that they would form a flat arch ; hut in this case, to avoid the 
danger of breaking, it would be necessary that they should be at most 2 feet in length, 
and of a suitable width and thickness. An arch of this kind is generally called tbe 
flat arch of M. Abcille ; because it was proposed by that engineer to the Academy of 
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ScicnceS) in 1699. It is attended with this advantage, that its whole thrust is exerted 
on the four walls, which serve to support it ; whereas a flat arch, constructed accord* 
ing to the usual method, exerts its thrust or push only against two. But this advan- 
tage is more than overbalanced by the danger of the whole tumbling to pieces, if 
one stone only should be deficient. Frezier has treated on this subject at some 
length, in his work on rutting stones ; and has shewn how to vary the compartments 
of the intrados, or lower part, as well as of the extrados, or upper part, which might 
be formed with these arches. But we must here repeat that these things are more 
curious than useful, or rather that this construction is very dangerous. 

PROBLEM vn. 

Of sufipended ArcheSf called by the French “ Trompe^dans V Angle.** 

One of the boldest works in masonry, is that kind of arch called, by the French, 
Trompe dans V Angle.* Let us suppose a conical arch, as s a F B s (Fig. 12.) raised 
on the plane of a triangle ash; if from the middle of the base there be drawn two lines 
E c and K D, which in general are parallel to the rc'^pective sides s d and s c ; and if 
upon these be raised two planes d e K and c e f, per- 
pendicular to the base; these two planes will cut off 
towards the summits, a part of the arch, as f d s c f, 
the half of which c !• u c will be suspended, or pro- 
ject beyond the foundation. This truncated part of 
the conical aich f i) s c f, is what is called a trompe 
d(n<i I Angle : because in general it is constructed in a 
le-cntcring angle to support some projecting part of 
nil edifice. For this purpose, on the curvilinear planes 
c F and D I, there arc raised walls wdiich, though 
suspended, have sufficient strength, provided the vonssoirs be exactly cut; arc long 
enough to be inserted in the half which is not suspended ; and provided also that tliis 
part is properly loaded. 

Works of this kind arc common , but the most singular is one at Lyons, which 
supports a considerable part of a hou'^c situated on the stone-bridge. One cannot 
see, without some uncasine''S, the corner of this edifice, which is thiec or four stories 
in height, project several \ards above the river. It is said to be the work of Desar- 
gucs, a gentleman of the Lyonnese, and an able geometrician, who lived in the time 
of De.'»cartes. In that case, this work must have stood about 1,50 years ; which 
seems to prove that this kind of construction has a real and greater solidity than is 
commonly supposed. 

Remark If the suspended arch he a right arch, that is to say a portion of a right 

cone A s n F; and if the ‘'CCtion planes fed and f f. c he respeetively parallel to 
s c and s d, the curves f c and r d, as i.s well knowui, will be parabolas, having their 
summit in d, and r e or d e for their axis. Wc must here take notiee of a geome- 
trical curiosity, w’hieh is, that the conical surface f c s d f, though a, curve, and 
terminated iii part by curved Hues, is equal to a lectiliueal figure; for if dg he 
drawn parallel to the axis s e, it can be demonstrated that the conical surface in ques- 
tion, is equal to one and a third of the rectangle of s b, or s f by e o. 

PROBLEM vrrr. 

A gentleman has a quadrangular irregular piece of ground, as a B c d, in which he is 
desirous of planting a quincunx, in such a manner, that all the rows of trees, whether 
transversal or diagonal, shall he right lines. How must he proceed to carry this plan 
into execution f 

• These arches arc called trompes, because they have a rcspiublance to the mouth of a trumpet 
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We shall suppose this quadrilateral to be so irregular, that the opposite sides a. b 
and D c, (Fig. 13.), meet in a point f, and the sides a d and c b in another point e. 
Continue these sides two and two, to the points of meeting, e and f, which must be 
joined by a straight line e f ; then through the point d draw a line parallel to e f ; 
continue b c and a a till they meet that parallel in h and c, and divide c oand d h 
into the same number of equal parts, which wc shall suppose to be four : if through 

the points of division in o d, as many 
straight lines be drawn lo the point f ; 
and if straight lines be drawn, in like 
manner, through the points of division 
in D H to the point E, these lines will 
intersect the sides of the quadrilateral, 
and each other, in points, which will be 
those where the trees must be planted, 
in Older so solve the problem. 

For the demonstration we might refer 
to Piob. 24 of Optics, where wo have 
shewn how a quadrilateral, such as 
A n <’ n, may be the perspective representation of a parallelogram. We shall however 
heie repeat it. 

Through the points d and n draw the lines n a and h h, inclined to g n at an angle 
of 45 degrees from right to left ; and thiough the points g and d two other lines, 
(} h and n c, inclined also 45 degrees to c n, but in a rontrar)- direction ; these tour 
lines will necessarily out each other at right angles, and form a reci angle a 6 c D, 
ot which, according to the rules of peispcctive, the quadiilateral a b c n would be the 
representation, to an eje situated in the point i, whirh divides e i into two equal 
parts, and is at a distance from the plane of the picture equal to i e or i f. 

Let us suppose then that the oblong « r r» is divided into similar oblongs, by four 
lines parallel to its sides . these lines, if continued till they meet g i> and i) ii, will divide 
them into the same number ot equal parts; and as d c and cj a n are the perspective 
representations of d c and o a A, the lines proceeding from the equal divisions of 
c T). and ending at the point r, will be the perspective representations of lines 
parallel io a b or D c. The case wdll be the same with the lines parallel to the two 
sides D a ai)d c The small qiiadiilat orals then formed by these lines cutting 
each other in the quadiilatcrnl A h o d, will be the perspective pictures of the oblongs 
into which a b c J) is divided. But all the points which arc in a straight line in the 
object, will be in a straight line in the picture ; consequently, as the rows of 
trees planted at the angles of the divisions of the oblong a b c d necessarily form 
straight lines, both transversely and diagonally, their places in the quadrilateral a b c d, 
which are the pictures ot these angles in the oblong, will also form straight lines in 
the same direction ; for, in perspective representations, the pictures of straight lines 
are alvvays straight lines. 

If the opposite sides a b and c d, of the given quadrilateral be very unequal, 
they must not be divided into the same mimberof parts ; for in that case they would 
he too unequal, since in a plantation of this kind the quadrilaterals ought to be nearly 
perfect squares. For example, if one side a b he 100 yards, and the other 40, by 
dividing each of thorn into 20, the division-* on one side would be 5, and on the other 
2 yards, which would form figures too oblong. On this supposition, it would be much 
better to divide the first into 10, and the second into 0, which would give divisions almost 
square, namely of 6j yards in one direction, and 0^ in the other, but in this ease there 
would he no diagonal row of trees, either in the oblong a ft c d, or in the proposed 
quadrilateral a b c i). lu short, by dividing one of the lines g d or d h into 16 parts, 
and the other into 6, all the rows of trees in the irregular figure will be straight lines. 
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To have a real quincunx,* it will be sufficient, after this operation, to draw, in 
each small quadrilateral of the plantation, two diagonals, and to plant a tree in the 
point where they intersect each other : all these new trees will form straight lines 
also. 


PROBLEM IX. 

To construct the frame of a roof which^ without tie-heamSy shall have no lateral thrust 
on the walls on which it rests. 

Wc have seen at Paris, in a garden of the faubourg Saint^Honorcy a small building, 
ill the form of a tent, the walls of which were only a few inches in thickness, and 
which were covered by a roof without tie-beams; the whole being lined in the 
inside, it bad the real appearance of a tent. It was used as a summer apartment in 
the day-time, and formed a retreat truly delightful. 

What surprised those who had any knowledge of architecture, was, how the roof 
of this small edifice would be constructed without tie-beams : for however light it 
might be, the walls were so thin" that any common roof must have overturned them. 
The artifice, said to have been the invention of M. Arnoult, supeiintendant of the 
theatres des Menus-PIaisirs, was as follows. 

Two rafters, cd and ed (Fig. 14.), resting on 
the two beams a b and a by were strongly joined 
together at the summit o. From the angles, 
which these two i afters formed at c and e, pro- 
ceeded two other pieces of timber, which were 
well united to the beams at f and c, to the rafters 
at II and i, and also to each other at k, by means 
of a double notch. For the sake of greater se- 
curity, the pieces cd and f n, and ed and oi, 
were bound together by tw'O cross pieces at L and 
M. It is evident that these four inclined pieces can have no tendency to separate, or 
to exert any lateral thrust on the walls upon which the beams ab and a 6 are placed : 
for they cannot separate without rendeiing the angle d more obtuse. For this purpose, 
it would be necessary that 'the angle k should become more obtuse also; but the 
junctions at i and h oppose any movement of this kind : consequently this frame 
work will rest on the beams a b and a by without separating in any manner, and will 
exert no lateral pressure against the walls. 

It is hence evident that this artifice might be of great use in architecture, especially 
when it is required to cover an extensive building, the walls of w’hich arc thin, and 
to avoid the disagreeable effect produced by tie-beams, when not concealed from the 
sight. 
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PROBLEM X. 


On measuring arches 


The apcllation of cuUde-four 
Fig, 15. Fig, 16. 



en cuUde-foWy surhaussSy and surbaisse. 
is applied to vaults on a plan commonly circular, a 
section of which through the axis is an ellipsis, or 
as the French architects call it an anse de panier. 
They differ from hemispherical arches in this, that 
in the latter the height of the summit above the 
plane of the base is equal to the radius of that 
base ; while in the former this height is greater or 
less : if greater, the arch is called cuUde-four sur- 


* A real quincunx is that whore there is a tree in the middle of each square ; for the wwd 
quincunx means five trees in a sriuare, which cannot be arranged otherwise. 
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haisaS. Both these arches are represented Figs. 15. and IG. The first is an arch en 
cuUde-four surhaussS ; the second arch eti cuUde-four surbaiasc. In the language 
of geometry, the one is an elongated semispheroid, or an arch formed by the circum- 
volution of a semi-ellipse around its greater semi-axis ; the other a semi-spheroid 
formed by the circumvolution of the same semi-ellipsis about its less semi-axis. 

Books of architecture contain, in general, rules so false for measuring the super- 
ficial content of these arches, that we think it necessary to give here methods more 
correct. Bullet and Savot, for example, say that nothing is necessary but to multiply 
the circumference of the base by the height ; as if the arch to be measured were 
hemispherical. This is an egregious error, and it is surprising those authors did not 
observe that if this rule were correct, the superficial content of some arches en 
cul-de-four aurhaissv^ would be less than the circle covered by them, which is 
absurd. 

For let us suppose, by way of example, an arch of a foot in height, on a circle 
of seven feet diameter: the area of this circle, according to the approximation 
of Archimedes, will be equal to 38J square feet ; but if the circumference, 22 feet, 
be multiplied by one foot in height, we should have only 22 square feet ; which is not 
two-thirds of the base. In this case, the builder would be cheated of more than 
two-thirds of what he ought to receive. We shall theiefore give rules for measuring 
such arches, sufficiently correct to be employed in the common purposes of archi- 
tecture. 


I. .— JPhr arches en evUde-four surhausstf or the Oblong Spheroid. 

The radius of the base and the height of the aich being given, first make this 
proportion : As the height is to the radius of the base, so is the latter to a fourth 
term, the third of which must be added to two- thirds of the radius of the base. 

Then find the circumference corresponding to a radius equal to that sum, and mul- 
tiply this circuinlerence by the height : the product will be the superficial content or 
cm \ e surface nearly. 

Example. — Let the height be 10 feet, and the radius of the base 8. Then say, as 
10 is to 8, so is 8 to 6|, the third of which is 2^ : two-thirds of 8 are 5J, which added 
to 2^, make teet, or 7 feet 5 inches 7 lines. 

But the circumference corresponding to 7^ feet radius, or 14|J feet diameter, is 
40|J tect, which multiplied by 10 feet, the height of the arch, gives for product 469^ 
square feet,' or 52 yards 1^ foot. 

By Bullet’s rule, the superficial content would have been 55 yards 7 feet ; the 
difference of which in excess is 3 yards 0 feet, or about a 14th of the whole; and 
this in an arch which does not deviate much from a hemisphere : if it deviated more, 
the error would be considerably greater. 

II. — For arches en cuLde-four surbaissc, or the Oblate Spheroid. 

The rule for these arches is nearly the same as the preceding. Find a third pro- 
portional to the height and the radius of the base ; and add two-thirds of it to the 
radius of the base; then find the circumference corresponding to the sum as a radius, 
and multiply it by the height : the product will be the superficial content nearly 
of the given arch. 

Let the radius of the base of an arch en cuUde~four surbaisse be 10 feel, and the 
height be 8. As 8 is to 10, so is 10 to 12J, two-thirds of which are 8^; on the 
other hand, the third of 10 is 3J, which added to the former, gives Ilf feet. 

But the circumference corresponding to 1 If feet radius, or 23f diameter is 7df , 
which multiplied by the height, that is 8 feet, gives for product 580f feet, or ^ 
yards If foot = the superficial content of the arch. 
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According to Bullet’s rule the superficial content would have been $5 yards 7 feet, 
which makes an error in defect of 9 yards 3§ feet, or above a 6th part of the whole 
surface. 

JRemarA . — It would be easy to give, for those who are geometricians, rules still 
more exact ; as it is well known that the dimensions of prolate spheroids depend 
on the measurement of a truncated elliptical or circular segment ; and that of the sur- 
face of an oblate spheroid, on the measurement of an hyperbolical space ; conse- 
quently the former may be determined by means of a table of sines and circular arcs, 
and the other by employing a table of logarithms. 

In regard to the method above given, it is deduced from the same principles ; but 
by considering a segment of a circle or hyperbola of a moderate extent, as a parabolic 
area, which when this segment forms but a small part of the space to be measured, is 
liable only to a very small error: in many cases this consideration supplies practical 
rules exceedingly convenient. 

Some architects may perhaps ask : Of what advantage is it to be able to ascertain 
with precision the superficial content of these domes, as a few yards more or less 
can be of little importance ? But it may be said in reply, that for the same rca‘*on, 
accurate measurement in general is of little utility. To such persons it is of no 
consequence that Archimedes has demonstrated that the surface of a hemisphere is 
equal to that of a cylinder of the same base and height ; or, to speak according to 
their own terms, that the surface of a hemispherical arch is equal to the pioduct of 
the ciicumfeieuce of the base by the height. If they employ, in regard to the arches 
in question, rules so erroneous, it is because they consider them as exact, and be- 
cause they have been taught them by people so ignorant ot geometry, as not to be 
able to give thtm better ones. 


PROBLEM XI. 

To measure Gothic or Cloister Aiches^ and Arches (t arete ^ oj Gioin Arches* 

It frequently Inippens that on a square, an oblong, or polygonal space or edifice, an 
arch vault raised, consisting of bcv'cral hcrceaux or vaults, which commencing at 
the sides of the base, unite in a common point as a summit, and form in the inside 
as many re-entering angles or groins, as there are angles in 
the figure which serves as a base. These arches are called 
arcs de cloitre, cloister arches. A representation of them is 
seen Fig. 17. 

But if the space or edifice, a square for example, be covered 
with two berceaux or vaults CFig. 18.) which seem to penetrate 
each other, and which form two ridges or re-enteiing angles, 
intersecting each other at the summit of the vault, such an arch 
is called an arch d'aretCj or a groin arch. The most remark- 
able properties of these arches are as follow. 

Ist. The superficial content of every circular cloister arch, 
on any base, whclhcr square or polygonal, is exactly double 
that of the base, in the same manner as the superficial content of a hemispherical 
arch, or arch en cuUde-four or cn plein ceintre, is double that of the circular base. 

It may indeed be said that a hemispherical arch is only a cloister arch on a polygon 
of an infinite number of sides. 

When the superficial content therefore of such an arch is to be measured, nothing 
will be necessary but to double the surface of the base, provided the berceaux be en 
plein ceintre, or a complete scmi-circlc ; for if they are greater or less, they will have 
to the base, the same ratio that an arch en cul-de-four surhausscf or surbaisse, has to 
the circle of its base. 


17 . 
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2d. A cloister arcb» and a groin arch on a square, form together the two com- 
plete herceaux or vaults, raised upon that square. 

This may be readily seen in Fig. 19. Therefore if from two herceaux or vaults, 
the cloister arch be deducted, there will remain the groin arch, 
which in this case gives a simple method for measuring groin 
arches ; for if the superficial content of^the cloister arch be sub- 
tracted from the superficial content of the two vaults, the 
remainder will be that of the groin. 

If the base, for example, be 14 feet in both directions, the 
circumference of the semi-circle of each will be 22 feet, and the 
superficial content will be 22 by 14, or 308 square feet ; consequently the superficial 
content of both the herceaux will be 616 square feet. But the interior surface of the 
Gothic arch is twice the base, or twice 196, that is 392; and if this number be sub- 
tracted from 616, we shall have 224 square feet, for the superficial content of the 
groin arch. 

3d. If the solid content of the interior of such an arch be required ; multiply the 
base by two thirds of the height. 

This is evident from the reason already given in regard to the superficial content ; 
for arches of this kind, both in regard to their solidity and superficial content, are to 
a prism of the same base and height, in the same ratio as the hemisphere to the cir- 
cumscribed cylinder. 

4th. The solidity of the space contamed by a groin arch on a square or oblong plane 
is of the solid having the same base and height, supposing the approximate ratio 
of the diameter of the circle to the circumference to be as 7 to 22. 

This may be easily demonstrated also by observing, that the interior solid of such 
an arch is equal to the sum of the two vaults or dcmi-cylinders, minus once the 
solidify of the cloister arch, which is twice comprehended in this double, and con- 
sequently ought to be deducted. 
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lUlOBLEM XII. 

How to construct a wooden bridge q/* 100 feet and more in lengthy and of one archf with 
pieces of timber^ none of which shall he more than a few feet in length. 

We shall here suppose that the pieces of timber intended for a bridge of this kind 
arc 12 or 14 inches square, and only about 12 feet in length ; or that [larticular cir- 
cumstanccs'havc prevented rows of piles from being sunk in the bed of the river, to 
support the beams employed in constructing the work. In what manner must the 
architect proceed to build the bridge, notwithstanding these difliculties ’ 

The execution of fhis plan is not impossible : for it might be accomplished in the 
following manner. First trace out, on a large w^all, a plan of the projected bridge, 
by describing two concentric arches at such a distance from each other, as the length 
of the pieces of timber to be employed will admit ; which we shall suppose, for 
example, to be 10 feet, giving them the form of an arc of 90 degrees from one pier 
to another : then divide this arc into a certain number of equal parts, in such a man- 
ner that the aic of each shall not exceed 5 or 6 feet. 

On the supposition here made, of the distance of 100 feet 
between the two piers, an arc of 90 degrees which covers it 
would be 110 feet in length, and its radius would be 70 feet. 
Divide then this arc into 22 equal parts, of 5 feet each, and 
with the above pieces of timber, joined together, form a kind 
of voussoirs, 8 or 10 feet in height, 5 feet in breadth at the in- 
trados, and 5 feet 8 inches 6 lines at the extrados ; for such are 
the proportions of these arcs, according to the above dimen- 
sions. Fig. 20 represents one of these voussoirs, which, os it 
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19 evident, consists of four principal pieces of strong timber, at least 10 inches square, 
which meet two and two at the centre of their respective arcs ; of three principal 
cross bands at each face, as a c, b d, £ f, a c, & d, ef, which must be exceedingly 
strong, and therefore ought to be 12 or 14 inches in height, and 10 inches in breadth; 
and lastly, of several lateral bands, between the two faces, to bind them together in 
different directions, and to prevent them from giving way. A voussoir of this kind 
may be about 6 feet in length, that is between the two faces a e f b and aefb. 

An arch must then be formed of these voussoirs, exactly in the same manner as 
if they were stone, and when they are all arranged in their proper places, the different 
pieces may be bound together accoiding to the rules of art, cither with pins or 
braces. Several arches or ribs of this kind must be formed, close to each other, 
according to the intended breadth of the bridge ; and the pieces may be bound to- 
gether in the same manner as the hist, so as to render the whole hrin and secure, 
lly these means \vc shall have a wooden bridge of one arch, which it would be very 
difficult to construct in any other manner. 

It now remains to be examined whether these voussoirs will have sufficient 
strength to resist the pressure which they will exert on each other. ITic following 
calculation will shew that there can be no doubt of it. 

It appears, from the experiments of Muschcnbiocck,* and the theory of the re- 
sistance of bodies, that a piece of oak 12 inches square, and 5 feet in length, can 
sustain in an npiight position, without breaking, 2G4 thousand pounds; hence it 
follows that a cross band, as a r or e f, 5 feet in length, and 12 inches by 10, can 
support 2i^00(X}; but for the greater ccrtiiinty we shall reduce this weight to 150000: 
therefore, as we have six bands of this length, a lew inches more or less, in each 
of these voussoirs, it is evident that the effort W'hich one of these voussoirs is capa- 
ble of sustaining, will be at least 900000 pounds. Let us now examine what is the 
real effort to be resisted. 

We have found, by calculating, the absolute weight of such a voussoir, and even 
supposing it to be considerably increased, that it will weigh at most between 7 and 8 
thousand [lounds, or 7500. The weight then resting on one of the piers, most loaded, 
having 10 voussoirs to support, w’ill be charged only with the weight of 75000 pounds: 
a weight lio\v<*ver which, on account of the position of the voussoirs, will exert a 
pressure of 1J5000 pounds; but we shall suppose it to be even 120000. There is 
leason therefore to conclude from this calculation, that such a bridge would not only 
have strength to support itself, but aUo to bear, vvithout any danger of breaking, the 
most ponderous burthens : it even appears that it would not be necessary to make the 
pieces of timber so strong. 

If the expense of such a bridge be compared with that attending the common 
method, it will perhaps be found to be much less ; for one of these voussoirs would 
contain no more than 140 or 150 square feet of timber, which at the rate of 2s. per 
foot, would be only .£15 ; so that the 22 voussoirs, of one course or rib, would cost 
£330 : consequently, if we suppose the breadth of the bridge to consist of four 
courses or ribs, the whole would amount only to £1320. It must indeed be allowed, 
that to complete such a bridge, other expenses would be required ; but the object 
here proposed, was to shew the possibility of constructing it, and not to calculate 
the expense. 

The idea of such a bridge first occurred to me in consequence of a dangerous 
passage I met with in the province of Cusco, in Peru ; where I was obliged to cross 
a torrent, that flows between two rocks, about 125 feet distant from each other, and 
more than 150 feet in height. The inhabitants of the country have constructed 
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there a TravitUj* where I was in danger of perishing. When I arrived at the next 
village, I began to reflect on the best means of constructing in this place a wooden 
bridge, and I contrived the above expedient. I proposed ray plan to the Corregidor, 
Don Jayme Alonzo y Cuniga, a very intelligent man, who, being fond of the French, 
received me with great politeness. lie approved of my idea, and agreed that, at the 
expense of a thousand piasters, a bridge of 12 feet in breadth, which all Peru would 
come to see through curiosity, might be constructed in that place. But as I set out 
three days after, I do not know whether this project, with which this worthy man 
seemed highly pleased, was ever carried into execution. 

It may here be remarked, that it would be easy to arrange the voussoirs of a 
bridge of this kind, in such a manner that, in case of necessity, any one of them 
might be taken out, in order to substitute another in its stead ; which would afford 
the means of making all the necessary repairs. 

PROBLEM xm. 

Is it possible to construct a Plat-hand or Frame which shall have no lateral thrust f 

It would be of great advantage to be able to execute a work of this kind ; for one 
of the obstacles which architects experience, when they employ columns, arises from 
the thrust of their architraves, which requires that the lateral columns should be 
strengthened by different means. This embarrassment they are particularly liable 
to, when they make detached porches to project before an edifice, like that of 
Sainte-Genevieve : the two frames, that of the face and the side, exert such a push 
on the angular column or columns, that it is very difficult to secure them ; and it is 
even sometimes necessary to reftmnee them, if stones cannot be found sufficiently large 
to make architraves of one piece, from column to column, at least in the spaces 
nearest the angles. 

These difficulties would be obviated, if frames could be made without any thrust. 
This we do not think impossible ; and we propose the problem to architects in the 
hope that some of them will be able to solve it. 

PROBLEM XIV. 

Is it a perfection^ in the Church of St. Peter at JRomc, that those who see iV, for the 

first timet do not think it so large as it really is ; and that it appears of its real 

magnitude after they have gone over it 9 

Though we announced, in the beginning of this work, that we meant to exclude 
from it whatever was mere matter of taste ; as the above question is connected vith 
physical and metaphysical reasons, we arc of opinion that it may be admitted. 

The impression which the church of St. Peter at Rome makes, on the first view, 
has been boasted of as a perfection. Every person, as far as we have heard or read, 
who enters this edifice, for the first time, conceives the extent of it to be far less 
than it is generally accounted to be by public report. To have a just idea of its gran- 
deur, one must have seen, and in some measure studied, every part of it. 

Before we venture to say any thing decisive on this subject, it may perhaps be of 
some use to examine the causes of this first impression. In our opinion, it arises 
from two sources. 

The first is the small number of principal parts into which this immense edifice is 
divided ; for, from the entrance to the middle, which constitutes the dome, there are 

* This is an Indian bridge, the -very idea of which is enough to make one shudder. A man is 
placed in a large basket, fastened by a pulley to a rope which is extended from the one side of a torrent 
to the other. The basket and rope are bom constructed of those creepiner plants, which the inhatd- 
tants of America employ in almost all their works. As soon as the man has got into the machine, it 
is drawn over to the opposite side, by means of a rope fastened to the pulley. If the rope, used for 
drugging over the machine, should break, the man must remain suspended for some hours, until 
moans have been found to relieve him from his painful situation. 
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only three lateral arcades. But, though dividing a large mass into many small parts 
tends, in general, to diminish -its effect, there is still a medium to be observed ; and 
it appears to us that Michael Angelo kept too far below it. 

The second cause of the impression which wc here examine, is the excessive size 
of the figures and ornaments, which serve as appendages to the principal parts. We 
can indeed judge of the size of objects beyond our reach, only by comparing them 
with neighbouring ohji cts, the dimensions of which are familiar to us. But if these 
objects, the dimensions of which are known, or are nearly given by nature, accompany 
others to which they have a ratio that approaches too near to equality, it must neces- 
sarily follow that the latter, in the imagination of the spectator, will lose a part of 
their magnitude. Such is the case with the church of St. Peter at Rome : the figures 
placed in niches, which decorate the spaces between the pillars of the arcades ; those 
between the pilasters, and those which ornament the tympana of the lateral arcades, 
arc truly gigantic ; but they are human figures ; they are besides, for the most part, 
raised very high ; consequently they appear less, and make the principal parts which 
they accompany to appear less also. 

By some people, this illusion is considered to be a master-piece of the art and 
genius of the celebrated architect, the principal author of this monument. Shall we 
be permitted to differ from them ? For what is the object which the constructors of 
this immense edifice had in view; and which will be the aim of all those who raise 
edifices that exceed the usual measures? Doubtless to excite astonishment and admi- 
ration. Wc arc convinced that Michael Angelo would have been much mortified, 
bad he heard a stranger, just arrived at Rome, and entering St. Peter’s for the first 
time, say publicly : “ This is the church respecting fftc immensity of which wo have 
heard so much ; it is a large building, but not so large as generally reported.” 

In our opinion, it would display much more ingenuity to con«truei an edifi(“C which, 
though of a moderate size, should immediately excite in the mind the idea of consider- 
able extent ; than to construct an immense one which, on the first view, should 
appear of a moderate size. We do not think that on this subject there can be any 
difference of opinion. Whatever then may be the perfection, which it must be 
allowed the church of St. Peter possesses, so far us harmony of proportion, beauty 
and magnificence of architect ure, are concerned, we arc of opinion that Michael 
Angelo missed his aim in regard to the object in question ; and it is probable that be 
would have approached much nearer to it, had he employed less gigantic appendages. 
If the children, for example, which support the bcnitiers* had been of less size; if the 
figi^res which accompany the arebi vaults of his lateral arcades, as well as those which 
decorate the niches between the pilasters, bad been on a scale not so enormous ; a com- 
parison of the one with the other would have made the principal parts appear much 
greater. Those who turn their eyes from these gigantic objects, and direct them 
towards a man near the middle, or at the extremity of the church, experience this 
effect : it is then, by comparing their own size with that of the principal parts of the 
edifice in the neighbourhood, that they begin to form an idea of its extent, and are 
struck with astonishment : but this second impression is the effect of a sort of rea- 
soning ; and the sensation, when produced in this manner, has not the same energy, 
as when it is the effect of a first view. 

While we are on this subject, we shall take the liberty of offering a few observa- 
tions on the means of enlarging, as we may say, any space by the help of the imagi- 
nation. In our opinion, nothing contributes more to produce this effect, than insn- 
lated columns ; that is to say; columns not regularly connected ; for, when coupled 
or grouped, they always producs this effect, more or less, though it would doubtless 
be much better to employ them single. The result is, that every time a spectator 


* Benitiers are rases for holding lioIy«water. 
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changes bis position, difTerent openings occur ; and a variety of aspects which asto- 
nish and deceive the imagination. 

But when columns are employed, they ought to be large ; for in the same degree as 
they have a majestic appearance when constructed on a grand a scale, they are, in our 
opinion, mean and diminutive when small, and particularly when supported on pedestals. 
The court of the Louvre, though in other respects beautiful, would have a much more 
striking effect, if the columns, instead of being mounted on meagre pedestals, rose from 
the ground supported merely by a socle, like those in some of the vestibules of that 
palace. One might almost say, and there is some reason to think, that pedestals were 
invented to render fit for use, columns collected at hazard, and which have not the 
requisite dimensions. 

If Michael Angelo then, instead of forming his lateral spaces of immense arcades 
supported by pillars, decorated with pilasters, had employed gioups of columns; if, 
instead of placing only three rows of lateral arcades, between the entrance and the 
part of the dome, he had placed a greater number, which this arrangement would 
have allowed him to do ; and if the figures employed amidst this decoration had not 
far exceeded the natural size, we entertain no doubt that the spectator would have 
been struck with astonishment on the first view, and that the edifice would have ap- 
peared much larger. 

But it is to be observed, at the same time, that the knowledge which we now pos- 
sess, in regard to the resistance of materials, and the philosophy or mechanical part 
of architeetuie, was not known at the time when Michael Angelo lived. It is pro- 
bable that he durst not venture to load columns, even when grouped, with a weight 
so considerable as that which he had to raise upon these pillars. But if is proved, by 
late experiments in regard to stones, that there is no weight that an insulated 
column, six feet in diameter, made of very hard stone, well ehosen and prepared, is 
not capable of supporting. Our ancient churches, called improperly Gothic, are a proof 
of it ; for there are some of them, the wdiole mass of which rests on pillars scarcely 
six feet in diameter, and often less: they therefore in general convey an idea of extent 
which the Greek aichitecture, employed in the same places, does not excite. 
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PART TENTH. 

CONTAINING THE MOST CURIOUS. AND AMUSING OPERATIONS IN 
REGARD TO PYROTECUNY. 


Why it has been usual to consider Pyrotechny as a branch of the mathematics, we 
do not know. The least reflection will readily shew, that it is an art by no means 
mathematical, though dimensions, proportions, &c., are employed in it. There are a 
great number of other arts which have a much better claim to be included among 
these sciences. 

However, as we might be blamed for omitting an art which affords a considerable field 
for amusement, and as it is connected, at least, with natural philosophy, we shall make 
it the subject of one of the divisions of this work. But as we do not intend to give 
a complete treatise of Pyrotechny, we shall confine ourselves to those parts which ' 
are most common and most curious : we shall also avoid every thing that relates to 
the fatal art of destroying men. We can see no amusement in the motion of a bullet, 
which carries off files of soldiers, nor in the action of a bomb or shell that sets fire to 
a town. The preceding editors and continuators of Ozanam, seem to have 
possessed a very military spirit, if they considered all these things as harmless re- 
creation, For our part, having imbibed other principles in that happy country, 
Pennsylvania, we shudder even at the idea of introducing such atrocities under the 
foirn of amusement. 

Pyrotechny, as we consider it in this work, is the art of managing fire, and of 
making, by means of gunpowder and other inflammable substances, various compo- 
sitions agreeable to the eye, both by their form and their splendour. Of this kind 
are rockets, serpents, sheaves of fire, fixed or revolving suns, and other pieces 
employed in decorations and fire-works. ^ 

Gunpowder being the most common ingredient in Pyrotechny, we shall begin with 
an account of its composition. 


ARTICLE 1. 

Of 'Gunpowder. 

Gunpowder is a composition of sulphur, salt-petre, and pounded charcoal : these 
three ingredients mixed together, in the proper quantities, form a substance exceed- 
ingly inflammable, and of such a nature, that the discovery of it could be owing only 
to chance. A single spark is suificient to inflame, in an instant, the largest mass of 
this composition. The expansion, suddenly communicated either to the air, lodged 
in the interstices of the grains of which it consists, or to the nitrous acid which is one 
of the elements of the saltpetre, produces an effort which nothing can resist ; and 
the most ponderous masses are driven before it with inconceivable velocity. We 
must however observe that this invention, to which the epithet of diabolical is fre- 
quently applied, is not so destructive to the human race as it might at first appear : 
Wtles seem to have been attended with less slaughter since gunpowder began to 
be used ; and, os is remarked by the celebrated Marshal Saxe, the noise and smoke 
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produced by fire arms, during a battle, are more terrible than the execution they 
make. We must however except cannon when well directed. But let us return to 
our subject, and give an account of the process for making gunpowder. 

Sulphur is found ready formed, and almost in its last degree of purity, in volcanic 
productions. It is found also, and much more frequently, in the state of sulphuric 
acid ; that is to say, combined with oxygen : it is in this state that it is found in 
argil, gypsum, &c. It may be extracted likewise from vegetable substances, and 
animal matters. 

To purify sulphur, melt it in an iron pan : by which means the earthy and metallic 
parts will be precipitated ; and then pour it into a copper kettle, where it will form 
another deposit of the foreign matters, with which it is mixed. After keeping it in 
fusion some time, pour it into cylindric wooden moulds, in order that it may be 
formed into sticks. 

Saltpetre, or, as it is called in the modern chemistry, nitrate of potash, exists in a ' 
natural state, but in small quantities. It is found sometimes at the surface of the 
ground, as In India, and sometimes on the surface of calcareous walls, the roofs 
of cellars, under the arches of bridges, &c. 

To extract the saltpetre from the lime of walls, or other earths impregnated with 
it, the earths are put into casks, placed on timbers, and water is poured over them 
to the height of about three inches. When the water has remained in that state 
five or six hours, it is sufliered to run off by apertures made in the bottom of the 
casks, from which it falls into a gutter that conveys it to a common reservoir sunk 
in the earth. When the sediment has been deposited, the clear liquor is drawn 
off into a proper vessel, in order to be evaporated. 

When the liquor is in a state of ebullition, in proportion as it evaporates, there is 
precipitated calcareous earth, and then muriate of soda. To know when it is suffi- 
ciently evaporated, put a drop of it on a piece of cold iron, and if it becomes fixed, 
and assumes a white solid globular form, it is time to slacken the fire. The liquor 
must then be left at rest for twenty-four hours, after which it is run off and set to 
crystallize. 

It is needless to describe charcoal, as it is every where known. We shall only 
observe, that the charcoal found by experience to be the fittest for the composition 
of gunpowder, is that made from the alder, vrillow, or black dog-wood. 

To inake'gunpowder, mix together 6 parts of pounded nitre, well purified, I part 
of pounded sulphur, exceedingly pure, and I part of pounded charcoal, adding a 
quantity of water sufficient to reduce them to a soft paste. Put the whole into a 
wooden or copper mortar, and with a pestle of the same materials, to prevent 
inflammation, pound these ingredients for twenty-four hours, to mix them thoroughly ; 
taking care to keep them always moderately moist. When they are well incorpo- 
rated, pour the mass upon a sieve pierced with small holes of the size which you 
intend to give to the grains of powder. If it be then pressed, shaking the sieve, it 
will pass through in grains, which must be dried in the sun, or over a stove without 
fire. When dry, it ought to be put into vessels capable of preserving it from 
moisture. 

Every one knows that, in consequence of the great consumption of gunpowder, 
certain machines, called powder-milk^ have been invented. These machines consist 
of a beam turned by means of a water-w'beel, and furnished with a gieat number 
of projecting arms, which raise up and let fall in succession a series of pestles or 
stampers, below which arc placed copper vessels or mortars containing the matter to 
be pounded or incorporated. These mills however are exceedingly disagreeable 
neighbours ; for notwithstanding the precautions taken there are few of them which 
do not some time or other blow up. On this account they ought always to be erected 
at a distance from towns or dwellings. 
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As the enlarged state of chemistry has introduced some improvements in the art 
of making gunpowder, we shall here, in addition to what has been above said, give 
the following account of the process employed for this purpose in some of the English 
manufactories. 

Gunpowder is made of three ingredients; saltpetre, charcoal, and brimstone; 
which are combined in the following proportions: for each 100 parts of gunpowder, 
saltpetre 75 parts, charcoal 15, and sulphur 10. 

The saltpetre is either that imported principally from the East Indies, or that 
which has been extracted from damaged gunpowder. It is refined by solution, filtra- 
tion, evaporation, and crystallization ; after which it is fused ; taking care not to use 
too much heat, that there may be no danger of decomposing the nitre. 

The sulphur used is that which is imported from Sicily, and is refined by melting 
and skimming : the most impure is refined by sublimation. 

The charcoal formerly used in this raanufactnre, was made by charring wood in the 
usual manner. This mode is called charring in pits. The wood is cut into pieces 
of about three feet in length ; it is then piled on the ground, in a circular form, tlirec, 
four, or five cords of wood making what is called a pit, and then covered with straw, 
fern, &c. kept down by earth or sand : and vent holes are made, as may be necessary, 
in order to give it air. As this method is uncertain and defective, the charcoal now 
used in the manufacturing of gunpowder, is made in the following manner. The 
wood to be charred is first cut into pieces of about nine inches in length, and put 
into an iron cylinder placed horizontally. The front aperture ol the cylinder is then 
closely stopped : at the other end there arc pipes connected with casks. Fire being 
made under the cylinder, the pyro-ligneous acid, attended with a large portion 
of hydrogen gas, comes over. The gas escapes, and the acid liquor is collected in 
the casks. The lire \< kept up till no more gas or liquoi comes over, and the carbon 
remains in tlie cylinder. 

The several ingredients, being thus prepared, arc ready foi manufacturing. They 
are first ground separately to a fine powder ; they are then mixed together in the 
proper proportions ; and the composition in this state is sent to the gunpowder mill, 
which consists of two stones placed vertically, and running on a bed-stone. On this 
bed- stone the composition is spread out, and moistened with as small a quantity 
of water as will reduce it to a proper body, but not to a paste ; after the stone run- 
ners have made the proper revolutions over it, it may then be taken off. 

A powder mill is a slight wooden building, with a boarded roof. Only about 40 or 
50 lbs. of composition is worked here at a time, as explosions may happen by the 
runners and bed-stone coming into contact, and even fiorn other causes. These mills 
arc woiked either by water or by horses. 

The composition, when taken from the mill, is sent to the corning house, to be 
corned or grained. Here it is first formed into a hard and firm mass ; it is then broken 
into small lumps, and afterwards grained, by these lumps being put into sieves, in 
each of which is a flat circular piece of lignum vita?. The sieves are made of parch- 
ment skins, having round holes punched through them. Several of these sieves aie 
fixed in a frame, which by proper machinery hag such a motion given to it, as to make 
the lignum vita? runner in each sieve go round with great velocity, so as to break the 
lumps of powder, and by forcing it through the holes to form it into grains of several 
sizes. The grains are then separated from the dust by sieves and reels made for that 
purpose. 

The grains are next hardened, and the rougher edges arc taken off hy shaking 
them a sufficient time in a close reel, moved in a circular direction with a proper 
velocity. 

The powder for guns, mortars, and small arms, is generally made at one time, and 
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always of the same composition. The only difference is in the size of the grains, 
which are separated by sieves of different fineness. 

The gunpowder thus corned, dusted, and reeled, which is called glazing, as it 
gives it a small degree of gloss, is then sent to the stove and dried ; care being taken 
not to raise the heat so much as to decompose the sulphur. The heat is regulated 
by a thermometer placed in the door of the stoves, if dried in a gloom-stove.* 

A gunpowder stove dries the powder either by steam or by the heat from an iron 
gloom, the powder being spread out on cases placed on proper supports around the 
room. 

If gunpowder is injured by damp in a small degree, it may be recovered by again 
drying it in a stove ; but if the ingredients are decomposed, the nitre must be ex- 
tracted, and the gunpowder re-manufactured. 

There are several methods of proving and trying the goodness and strength of gun- 
powder. The following is one by which a tolerably good idea may be formed of its 
purity, and also some conclusion as to its at length. 

Lay two or three small heaps, about a dram or two of the powder on separate pieces 
of clean writing paper; tire one of them by a red hot wire ; if the flame ascends ra- 
pidly, with a good leport, leaving the paper free from white specks, and without burning 
holes in it ; and if sparks fly off and set fire to the adjoining heaps, the goodness 
of the ingredients and proper manufacture of the powder may be safely inferred ; but 
if otherwise, it is either badly made, or the ingredients are impure. 

Dr. Hutton, the former editor of the English edition of the Recreations, was for- 
tunate enough to succeed in constructing the most convenient and most accurate 
eprouvette that has perhaps ever been contrived for accurately determining the 
comparative strength of gunpowder. It consists of a small cannon, or gun, suspended 
fieely, like a pendulum, with the axis of the gun horizontal. This being charged 
with the proper charge of powder and then fired, the gun swings, or lecoils back- 
ward, and the instrument itself '■hews the extent of the first or greatest vibration, 
which indicates the strength to the utmost nicety. 

Having thus given an account of almost every thing necessary to be known in 
regard to the process for making gunpowder, we shall now say a few words respect- 
ing the physical causes of its inflammation and exploding. 

Gunpowder being composed of the above ingredients, when a spark, struck from 
a piece of fliiit and steel, falls on this mixture, it sets fire to a certain portion of the 
charcoal, and the inflamed charcoal causes the nitre with which it is mixed or in 
contact, to detonate, and also the sulphur, the combustibility of which is well known. 
Portions of the charcoal contiguous to the former take fire in like manner, and pro- 
duce the same effect in rcgaid to the surrounding mass: thus the first portion 
inflamed, inflames a hundred othcis; these hundred communicate the inflammation 
to ten thousand ; the ten thousand to a million, and so on. It may be easily con- 
ceived that an inflammation, the progress of which is so rapid, cannot fail to extend 
itself in the course of a vciy shoit time, from the one extremity to the other of the 
largest mass. 

We shall observe, in support of this inflammation, that granulated powder in- 
flames with much more rapidity than that which is not granulated. The latter 
only puffs away slowly, while the other takes fire almost instantaneously ; and of 
the granulated kinds of gunpowdci, that in round grains, like the Swiss powder, 

• This kind of stove consists of a larf?e cast-iron vessel, proiectinp; into one side of a room, and 
heated from the outside, till it absolutely From the construction it is hardly possible ^at 

fire can be thrown from the gloom .is it is called ; but stoves heated by steam p.ismng through sti'am- 
tight tubes, or otherwise, ought certainly to be prefen cd ; for the most cautious workman may 
stumble, and if be has a c<ise of powder in his hand, some of it may be thrown upon the gloopi; 
and It Is not improbable that some of the accidents which liave happened to powder mills may have 
been occasioned in this manner. 
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inflames sooner ibaii that in oblong irregular grains, like the French. The reason of 
this is, that the former leaves to the flame of the grains first inflamed, larger and freer 
interstices, which produced the inflammation with more rapidity. 

In regard to the expansion of inflamed gunpowder, is it occasioned by the air inter- 
posed between its grains, or by the aqueous fluid which enters into the composition 
of the nitre ? We doubt much whether it be the air, as its expansibility docs not seem 
Buflicient to explain the phenomenon ; but we know that water, when converted into 
vapour by the contact of heat, occupies a space 14000 times greater than its original 
bulk, and that its force is very considerable. 

In the foregoing account however Montucla seems to have missed the true cause of 
the expansive force of fired gunpowder, the discovery of which is chiefly due to the 
English philosophers, and particularly to the learned and ingenious Mr. Robins. This 
author apprehends that the force of fired gunpowder consists in the action of a per- 
manently elastic fluid, suddenly disengaged from the powder by the combustion, 
similar in some respects to common atmospheric air, at least as to elasticity. He 
shewed, by satisfactory experiments, that a fluid of this kind is actually disengaged by 
firing the powder; and that it is pej'tnanenthf clastic, or retains its elasticity 
when cold, the force of which he measured in this state. lie also measured the 
force of it when inflamed, by a most ingenious method, and found its strength in that 
state to be about a thousand times the strength or elasticity of common atmospheric 
air. This however is not its utmost degree of stiength, as it is found to increase in its 
force when fired in larger quantities than those employed by Mr. Robins; so much 
so indeed, that, by more accurate and effectual experiments, we have found its force 
rise as high as 1500 or 1000 times the force of atmospheric air in its usual 
state. Much beyond this it is not probable it can go, nor indeed pc^sible, if 
there be any truth in the common and allowed physical principles of mechanics. 
With an elastic fluid, of a given force, we infallibly know, or compute the elfects it 
can produce, in impelling a given body; and on the other hand, fioin the effects or 
velocities with which given bodies are impelled by an elastic fluid, we as certainly 
know the force or strength of that fluid. And these effects wc have found perfectly 
to accord with the forces above mentioned. If any gentleman therefore thinks he has 
discovered that fired gunpowder is 50 or GO times as strong as above stated, he must 
have been deceived by mistaking or misapplying bis own experiments ; and we ap- 
prehend it would not be difficult, it this were the propei place, to shew that this 
has actually been the case. 

Mr. Robins’s discovery and opinion have also been corroborated by others, among 
the best chemists and philosophers. Lavoisier was of opinion that the force of fired 
gunpowder depends, in a great measure, on the expansive force of uncombined caloric, 
supposed to be let loose, in a great abundance, during the combustion or detiugratioii 
of the powder ; and Bouillon Lagrange, in his Course of , Chemistry, says, when 
gunpowder takes fire, there is a disengagement of azotic gas, which expands in an 
astonishing manner, when set at liberty ; and wc arc even still ignorant of the extent 
of the dilatation occasioned by the heat arising from the combustion. A decomposi- 
tion of water also takes place, and hydrogen gas is disengaged with elasticity ; and 
by this decomposition of water there is formed carbonic acid gas, and even sulphur- 
ated hydrogen gas, which is the cause of the smell emitted by burnt powder. 

Remarks, — I. It is ridiculous therefore to believe in the existence of white gun^ 
powder ; that is, a kind of powder which impels a ball without any noise ; for there 
c^n be no force without sudden expansion, nor sudden expansion without a concussion 
of the air, which produces sound. 

II. It was childish to give precepts, as in the preceding editions of this work, for 
jnaking red, blue, green, &c. gunpowder; as they exmld answer no good purpose. 
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We shall now proceed to our principal object, the construction of the most common 
and curioua pieces of fire-works. 


ARTICLE II. 

Constniction of the Cartridges of JRoakets. 

A rocket is a cartridge or case made of stiff paper, which being filled in part with 
gunpowder^ saltpetre, and charcoal, rises of itself into the air, when fire is applied 
to it. 

There are three sorts of rockets : small ones, the calibre of which does not exceed 
a pound bullet ; that is to say, the orifice of them is equal to the diameter of a leaden 
bullet which weighs only a pound ; for the calibres, or orifices of the moulds or 
models used in making rockets, are measured by the diameters of leaden bullets : — 
middle sized rockets, equal to the size of a ball of from one to three pounds ; and 
large rockets, equal to a ball of from three to a hundred pounds. 

To give the cartridges the same length and thickness, in order that nny number 
of rockets may be prepared of the same size and force, they are put into a hollow 
cylinder of strong wood, called a mould. This mould is sometimes of metal ; but 
at any rate it ought to be made of some very hard wood. 

This mould must not be confounded with another piece of wood, called the former 
or roller, around which is rolled the thick paper employed to make the cartridge. 
If the calibre' of the mould be divided into 8 equal parts, the diameter of the roller 
must be equal to 5 of these parts. See Fig. 1, where a is the mould, and b the roller. 
The vacuity between the roller and the interior surface of the mould, that is to say, 
g ot the calibre of the mould, will be exactly filled by the cartridge. 

As rockets are made of different sizes, moulds of different lengths and diameters 
must be provided. The calibre of a cannon is nothing else than the diameter of its 
mouth ; and we here apply the same term to the diameter of the aperture of the 
mould. 

The size of the mould is measured by its calibre ; but the length of the moulds 
for different rockets does not always bear the same proportion to the calibre, the 
length being ditiiiiiished as the calibre is increased. The length of the mould tor 
small rockets ought to be six times the calibie. hut for rockets of the mean and larger 
size it will he sufficient if the length of the mould be five times or even four times 
the calibre of the mould. 

At the end of this section we shall give two tables, one of which contains the 
calibres of moulds below a pound bullet ; and the other the calibres from a pound to 

For making the cartridges large stiff paper is em- 
ployed. This paper is wrapped round the roller b, 
(Fig. 1.), and then cemented by means of common 
paste. The thickness of the paper when rolled up 
in this manner, ought to be about one-eighth and a 
half of the calibre of the mould, according to the 
proportion given to the diameter of the roller. But 
if the diameter of the roller be made equal to } the 
calibre of the mould, the thickness of the cartridge 
must be a twelfth and a half of that calibre. 

Wheii the cartridge is formed, the roller b is drawn out, by turning it round, until 
it is distant from the edge of the cartridge the length of its diameter. A piece 
of cord is then made to pass twice round the cartridge at the extremity of the roller ; an4 
into the vacuity left in the cartridge, another roller is introduced, so as to leave some 
space between the two. One end of the packthread must be fastened to something 
fixed, and the other to a stick conveyed between the legs, and placed in such a man. 

2P 


a hundred pounds bullet. 
Fig, 1. 
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ner, as to be behind the person who choaks the cartridge. The cord is then to he 
stretched by retiring backwards, and the cartridge must be pinched until there re- 
mains only an aperture capable of admitting the piercer d e. The cord employed 
for pinching it is then removed, and its place ^s supplied by a piece of pack-thread, 
which must be drawn very tight, passing it several times around the cartridge, after 
which it is secured by means of riinning knots made one above the other. 

Besides the roller b, a rod c (Fjg- !•)» which being employed to load the 

cartridge, must be somewhat smaller than the roller, in order that it may be easily 
introduced into the cartridge. The rod c is pieiced lengthwise, to a suflicierit depth 
to leceive the piercer d e, which must enter into the mould a, and unite with it 
exactly at its lower part. The piercer, which decreases in size, is introduced into 
the cartridge through the part where it has been cdioaked, and servos to preserve a 
cavity within it. It» length, besides the nipple or button, must be equal to about two- 
thirds of that ot the mould. Lastly, If the thickness of the base be a fourth pait 
of the calibre of the mould, the point must be made equal to a sixth of the calibre. 

It is evident that there must be at least three rods, such as c, j)ierced in proportion 
to the diminution of the piercer, in order that the powder which is rammed in by means 
of a mallet, may be uniformly packed throughout the whole length of the locket 
It may be easily perceived also, that these rods ought to be made of some very bard 
wood, to resist the strokes of the mallet. 

In loading rockets, it is more convenient not to employ a piercer. When loaded 
on a Tiipple, without a piercer, by mean** of one massy rod, they are pierced with a 
bit, and a piercer fitted into the end of a bii-brace. Care however must be taken to 
make this hole suited to the proportion assigned for the diminution of the piercer. 
That is to say, the extremity of the hole at the choaked part of the cartridge, ought 
to be about a fourth of the calibre of the mould ; and the extremity of the hole 
which is in the inside for about two-thirds of the length of the rocket, ought to be 
a sixth of the calibre. This bole must pass diiectly through the middle of the 
rocket. In short, experience and ingenuity will suggest what is most convenient, 
and in what manner the method of loading rockets, which we shall here explain, may 
be varied. 

After the cartridge is placed in the mould, pour gradually into it the prepared com- 
position ; taking care to poui only two spoonfuls at a time, and to rum it immediately 
down with the rod c, striking it in a perpendicular direction with a mallet of a proper 
size, and giving an equal number of strokes, for example 3 or 4, each time tliat a new 
quantity of the composition is poured in. 

When the cartridge is about half filled, separate with a bodkin the half of the 
folds of the paper which remains, and having turned them back on the composition, 
press them down with the rod and a few strokes ot the mallet, in order to compress 
the paper on the com position. 

Then pieice three or four holes in the folded paper, by means of a 
piercer, which must be made to penetrate to the composition of the roc- 
ket, as seen at a (Fig. 2.) These holes serve to form a communication 
betw'een the body of the rocket and the vacuity at the extremity of the 
cartridge, or that part which has been left empty. 

In small rockets this vacuity is tilled with granulated powder, which 
serves to let them off: they are then covered with paper, and funched in 
the same manner as at the other extremity. But in other rockets, the pot 
containing stars, serpents, and running rockets, is adapted to it, as will be 
shewn hereafter. 

It may he sufficient however to make, with a bit or piercer, only one bole, 
which must he neither too large nor too small, such as a fourth part of the 
diameter of the rocket, to set fire to the powder, taking care that this hole 
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be as straight as possible, aiid exactly in the middle of the composition. A little of the 
composition of the rocket must be put into these boles, that the fire may not fail to 
be communicated to it. 

It now remains to affix the rocket to its rod, which is done in the following man- 
ner, When the rocket has been constructed as above described, make fast to it a 
rod of light wood, such as fir or willow, broad and flat at the end next the rocket, 
and decreasing towards the other. It must be as straight and free from knots as 
possible, and ought to be dressed, if necessary, with a plane. Its length and weight 
must be proportioned to the rocket that is to say, it ought to be six, seven, or eight 
feet long, so as to remain in equilibrium with it, when suspended on the finger, within 
an inch or an inch and a half of the neck. Before it is fired, place it with the neck 
downwards, and let it rest on two nails, in a diicction perpendicular to the horizon. 
To make it ascend straighter and to a greater height, adapt to its summit ▲ a pointed 
cap or top, as c, made of common paper, which will serve to facilitate its passage 
through the aii. 

These rockets, in general, are made in a more complex manner, several other 
things being added to them to render them more agreeable, such for example as a 
petard, which is a box of tin-plate, filled with fine gunpowder, placed on the summit. 
The petard is deposited on the composition, at the end where it has been filled ; and 
the icmaiiiing paper of the cartridge is folded down over it to keep it firm. The 
petard produces its effect when the locket is in the air, and the composition is con- 
sumed. 

Starg, golden rain, serpents, saucissoiis, and several other amusing things, the 
composition of which we shall explain hereafter, are also added to them. This is 
done by adjusting to the head of the rocket an empty pot or cartridge, much larger 
than the locke'-, in order that it may contain serpents, stars, and various other ap- 
pendages, to render it more beautiful. 

Rockets may be made to rise into the air without rods. For this 

Fiy, 3. purpose four wings must be attached to them ii* the form of a cross, 



and similar to those seen on ariows or darts, as represented at a (Fig. 
3.) In length these W'ings must be equal to two-thirds that of the 
rocket ; their breadth towards the bottom should be half their length, 
and their thickness ought to be equal to that of a card. 

But this method of making rockets ascend is less certain, and more 
inconvenient than that where a rod is used; and for this reason it is 


rarely employed. 


We shall now shew the method of finding the diameters or calibre of rockets, 


according to their weight ; but we must first observe that a pound rocket is that 
just capable of admitting a leaden bullet of a pound weight, and so of the rest. The 
calibie for the diflferent sizes may be found by the two following tables, one of which 
is calculated for rockets of a pound weight and below ; and the other for those from 


a pound weight to 50 pounds. 


2 p 2 
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i«^tabie of the calibre op moulds of a pound weight and below. 


OunoeB. 

Lines. 

Drams. 

Lines. 

16 

19j 

14 

H 

12 

17 

12 

7 


8 

15 

10 

6l 

: 

7 

14} 

8 

6: 

■ 

6 

14} 

6 

5f 


5 1 

13 

4 

4 : 


4 1 

12} 

2 

4 

■ 

3 





2 

9| 




1 

6} 





The use of this table will be understood merely by inspection ; for it is evident 
that a rocket of 12 ounces ought to be 17 lines in diameter; one of Bounces, 15 
lines ; one of 10 drams, lines ; and so of the rest. 

On the other hand, if the diameter of the rocket be given, it will be easy to find 
the weight of the ball corresponding to that calibre. For example, if the diameter 
be 13 lines, it will be immediately seen, by looking for that number in the column 
of lines, that It corresponds to a ball of 5 ounces. 


n. — TABLE OF THE CALIBRE OF MOULDS FROM 1 TO 50 POUNDS BALL. 


Pounds 

Cuhbre 


'Jalibre. 

Pounds. 

Cahbre. 

Pounds. 

Calibre. 

Pounds. 

Cahbre. 

1 

100 

11 

222 

21 

275 

31 

314 

41 

344 

2 

126 

12 

228 

22 

280 

32 

317 

42 

347 

3 

144 

13 

235 

23 

284 

33 

.320 

43 

350 

4 

158 

14 

241 

24 

288 

34 

323 

44 

3.53 

5 

171 

15 

247 

25 

292 

35 

326 

45 

355 

6 

181 

16 

252 

26 

296 

36 

330 

46 

358 

7 

191 

17 

257 

27 

300 

37 

333 

47 

.361 

8 

200 

18 

262 

28 

304 

38 

336 

48 

363 

9 

208 

19 

267 

29 

307 

39 

339 

40 

366 

10 

215 

20 1 

271 

30 

310 

40 

341 

50 

368 


The use of the second table is as follows; If the weight of the ball be given, 
which we shall suppose to be 24 pounds, seek for that number in the column of 
pounds, and opposite to it, in the column of calibres, will be found the number 288. 
Then say, as 100 is to 19J, so is 288 to a fourth term, which will be the number ot 
lines of the calibre required ; or multiply the number found, that is 288, by 19J, and 
from the product 5616, cut off the two last figures : the required calibre will there- 
fore be 56*16 lines, or 4 inches 8 lines. 

On the other hand, the calibre being given in lines, the weight of the ball may be 
found with equal ease : if the calibre, for example, be 28 lines, say as 19^ is to 28, 
so is 100 to a fourth term, which will be 143*5, or nearly 144. But in the above 
table, opposite to 144, in the second column, will be found the number 3 in the first : 
which shews that a rocket, the diameter or calibre of which is 28 lines, is a rocket 
of a 3 pounds ball. 
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ARTICLE m. 

Composition of the Powder for Rockets^ and the manner of filling them. 

The composition of the powder for rockets must be different, according to the 
different sizes ; as that proper for small rockets would be too strong for large ones. 
This is a fact respecting which almost all the makers of fire-works are agreed. The 
quantities of the ingredients, which experience has shewn to be the best, are as 
follow ; 


For rockets capable of containing one or two ounces of composition. 

To one pound of gunpowder, add two ounces of soft charcoal ; or to one pound 
of gunpowder, a pound of the coarse powder used for cannon; or to nine ounces 
of gunpowder, two ounces of charcoal ; or to a pound of gunpowder, an ounce and 
a half of sultpetie, and as much charcoal. 

For rockets of two or three ounces. 

To four ounces of gunpowder, add an ounce of charcoal ; or to nine ounces of gun- 
powder, add two ounces of saltpetre. 

For a rocket of four ounces. 

To four pounds of gunpowder, add a pound of saltpetre, and four ounces of char- 
coal : you may a<l(i also, if you choose, half an ounce of sulphur; or to one pound 
two ounces and a half of gunpowder, add four ounces of saltpetre, and two ounces 
of charcoal ; or to a pound of powder, add four ounces of saltpetre, and one ounce 
of cliarcoal ; or to seventeen ounces of gunpowder, add four ounces of saltpetre, and 
the same quantity of charcoal ; or to three ounces and a half of gunpowder, add ten 
ounces of saltpetre, and three ounces and a half of charcoal. Hut the composition 
will be strongest, if to ten ounces of gunpowder, you add three ounces and a half of 
saltpctie, and three ounces of charcoal. 

For rochets of five or six ounces. 

To two pounds five ounces of gunpowder, add half a pound of saltpetre, two 
ounces of sulplmr, six ounces ot charcoal, and two ounces of iron filings. 

For rockets of seven or eight ounces. 

To Kcventecn ounces of gunpowder, add four ounces of saltpetre, and three 
ounces of sulphur. 

For rockets of from eight to ten ounces. 

To two pounds and five ounces of gunpowder, add half a pound of saltpetre, two 
ounces ot sulphur, seven ounces of chaicoal, and three ounces of iron filings. 

For rockets of from ten to twelve ounces. 

To seventeecn ounces of gunpowder, add four ounces of saltpetre, three ounces 
and a half of sulphur, and one ounce of charcoal. 

For tockels of from fourteen to fifteen ounces. 

To two pounds four ounces of gunpowder, add nine ounces of saltpetre, three 
ounces of sulphur, five ounces of charcoal, and three ounces of iron filings. 

For rockets of one pound. 

To one pound of gunpowder, add one ounce of sulphur, and three ounces of 
charcoal. 
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For a rochet of two pounde. 

To one pound four ounces of gunpowder, add two ounces of saltpetre, one ounce 
of sulphur, three ounces of charcoal, and two ounces of iron filings. 

For a rochet of three pounds. 

To thirty ounces of saltpetre, add seven ounces and a half of sulphur, and eleven 
ounces of charcoal. 

For rockets of four^ five, six, or seven pounds. 

To thirty-one pounds of saltpetre, add four pounds and a half of sulphur, and ten" 
pounds of charcoal. 

For rockets of eight, nine, or ten pounds. 

To eight pounds of saltpetre, add one pound four ounces of sulphur, and two 
pounds twelve ounces of charcoal. 

We shall here observe that these ingredients must be each pounded separately, and 
sifted : they are then to be weighed and mixed together for the purpose of loading 
the cartridges, which ought to be kept ready in the moulds. The cartridges must be 
made of strong paper, doubled, and cemented by means of strong paste, made of 
fine flour and very pure water. 

Of Matches. 

Before we proceed farther, it will be proper to describe the composition of the 
matches necessary for letting them off. Take linen, hemp, or cotton thread, and 
double it eight or ten times, if intended for large rockets ; or only four or five times, 
if to be employed for stars. When the match has been thus made as large as necessary, 
dip it in pure water, and press it between your hands, to free it fioin tho moisture. 
Mix some gunpowder with a little water, to reduce it to a sort of paste, and immerse 
the match in it ; tuiningaiid twisting it, till it has imbibed asufficient quantity of the 
powder; then sprinkle over it a little dry powder, or strew some pulverised dry 
powder upon a smooth board, and roll the match over it. By these means you will 
have an excellent match, which, if dried in the sun, or on a rope in the shade, will 
be fit for use. 


auticle iv, 

. On the cause which makes rochets ascend into the air. 

As this cause is nearly the same as that which produces recoil in fire-arms, it 
is necessary we should first explain the latter. 

When the powder is suddenly inflamed in the chamber, or at the bottom of the 
barrel, it necessarily exercises an action two ways at the same time ; that is to say, 
against the breech of the piece, and against the bullet or wadding, which is placed 
above it. Besides this, it acts also against the sides of the chamber which it occu- 
pies ; and as they oppose a resistance almost insurmountable, the whole elfort of the 
elastic fluid produced by the inflammation is exerted in the two directions above 
mentioned. But the resistance opposed by the bullet being much less than that op- 
posed by the mass of the barrel or cannon, the bullet is forced out with great velocity. 
It is impossible, however, that the body of the piece itself should not experience a 
movement backwards ; for if a spring is suddenly let loose, between two moveable 
obstacles, it will impel them both, and communicate to them velocities in the 
inverse ratio of their masses : the piece therefore must acquire a velocity backwards 
nearly in the inverse ratio of its mass to that of the bullet. We make use of the 
term nearly, because there are various circumstances which give to this ratio certain 
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modifications; but it is always true that the body of the piece is driven backwards, 
and that if it weighs with its carriage a thousand times more than the bullet, it 
acquires a velocity which is a thousand times less, and which is soon annihilated by 
the friction of the wheels against the ground, &c. 

The cause of the ascent of a rocket is nearly the same. At the moment when the 
powder begins to inflame, its expansion produces a torrent of elastic fluid, which 
acts in every direction ; that is, against the air which opposes its escape from the car- 
ti idge, and against the upper part of the rocket ; but the resistance of the air is more 
considerable than the weight of the rocket, on account of the extreme rapidity with 
w^hich the elastic fluid issues thiough the neck of the rocket to throw itself down- 
wards, and therefore the rocket ascends by the excess of the one of these forces over 
the other. 

This however would not be the case, unless the rocket were pierced to a certain 
depth. A suflTicient quantity of elastic fluid would not be prodticed ; for the compo- 
sition would inflame only in circular coats of a diameter equal to that of the rocket; 
and experience shews that this is not sutficient. Recourse then is had to the very 
ingenious idea of piercing the rocket with a conical hole, which makes the composition 
burn in conical strata, winch have much greater surface, and therefore produce a much 
gt cater quantity of inflamed matter and fluid. This expedient was certainly not the 
work of a moment. 


ABTTCLK V. 

Bnlliant fire and Chinese fire. 

Ab iioii-filiiigs, when thrown into the lire, inflame and emit a strong light, this 
piopeity, discovered no doubt by chance, gave rise to the idea of rendering the fire 
of rockets much more brilliant than when gunpowder, or the substances of which it 
is composed, are alone employed. Nothing i.s necessary but to take ii on-filings, very 
clean and free fiom rust, and to mix them with the composition of the rocket. It 
must however be observed, that rockets of this kind will not keep longer than a week ; 
because the moisture contracted by the saltpetie rusts the iroii-iilmgs, and destroys 
the eirect they are intended to pioduce. 

But the Chinese have long been in possession of a method of rendering this fire 
much more. brilliant and variegated in its colours ; and we are indebted to Father 
dTiicarville, a Jesuit, tor having made it known. It consists in the use of a very 
simple ingredient: namely, ca^t iron i educed to a powder more or less fine; the 
Chinese give it a name, which is equivalent to that of irvn sand. 

To prepare this sand, take an old iron pot, and having broken it to pieces on an 
anvil, pulveiise the fragments till the granib are not larger than radish seed ; then sift 
them through six graduated sieves, to separate the different sizes, and preserve these 
six different kinds, in a very dry place, to secure them from rust, which would 
render this sand absolutely unfit for tbe proposed end. We must heie remark, that 
the grains which pass through the closest sieve, are called sand of the first order; 
those which pass through the next in size, sand of the second order ; and so on. 

This sand, when it inflames, emits a light exceedingly vivid. It is very surprising 
to see fragments of this matter no bigger than a poppy seed, form all of a sudden 
luminous flowers or stars, 12 and 15 lines in diameter. These flowers aie also of 
different forms, according to that of the inflamed grain, and even of diflferent colours 
according to the matters with which the giains are mixed. But rockets info which 
this composition enters cannot be long preserved, as those which contain the finest 
sand will not keep longer than eight days, and those which contain the coarsest, fif- 
teen. The following tables exhibit the proportions of the diflferent ingredients for 
rockets of from 12 to 30 pounds. 
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For red Chinese fire. 


Calibres. 

Saltpetre. 

Sulphur. 

Charcoal. 

Sand of the 
1st order. 

Pounds. 

Founds. 

Ounces. 

Ounces. 

oz. 

dr. 

12 to 15 

1 

3 

4 

7 

0 

18 to 21 

1 

3 

5 

7 

8 

24 to 3d 

1 

4 

6 

8 

0 


For white Chinese fire. 

Calibre*. .Saltpetre. j ‘^tarcoal. 

Puiindii. 

12 to 16 
IB to 21 
24 to 3« 

When these materials have been weighed, the saltpetre and charcoal must be three 
times sifted through a hair sieve, in order that they may be well mixed : the iioii sand 
is then to ho moistened with good brandy, to make the sulphur adhere, and they must 
be thoroughly incorporated. The sand thus sulphured must be spread over the mix- 
ture of saltpetre and ebarooal, and the whole must be mixed together by spreading it 
over a table with a spatula. 

ARTICLE VI. 

Of the Furniture of Rockets. 

The upper part of rockets in generally furnished with some composition, which 
taking fire when it has reached to its greatest height, emits a considerable blaze, or 
produces a loud report, and very often both these together. Of this kind are 
saucissons, inarroons, stars, showers of fire, &c. 

To make room for this artifice, the rocket is crowned with a part of a greater 
diameter called the pot, as seen in Fig. 4. The method of 
making this pot, and connecting it with the body of the rocket, 
is as follows. 

The mould for forming the pot, though of one piece, must 
consist of two cylindric parts of dilTei ent diameters. That on 
which the pot is rolled up must be three diameters of the rocket 
in length, and its diameter must be three fourths that ot the 
rocket; the length of the other ought to be equal to two of 
these diameters, and its diameter to| that of the lockct. 

Having rolled the thick paper intended for making the pot, and which ought to be 
of the same kind as that used for the rocket, twice round the cylinder, a portion of 
it must be pinched in that part of the cylinder which has the least diameter ; this 
part must be pared in such a manner as to leave only what is necessary for making the 
pot fast to the top of the rocket, and the ligature must be coveredyvith paper. 

To charge such a pot, attached to a rocket ; having pierced three or four holes in 
the double paper which covers the vacuity of the rocket, pour over it a small quantity 
of the composition with which the rocket is filled, and by shaking it, make a part 
enter these holes ; then arrange in the pot the composition with which it is to be 



Pounds. Ounces. oz. di. oz dr. 

1 12 7 8 11 0 

1 11 8 0 11 B 

1 11 8 8 12 0 
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charged, taking care not to introduce introduce into it a quantity heavier 
than the body of the rocket. 

The whole must then be secured by means of a few small balls of 
paper, to keep every thing in its place, and the pot must be covered with 
paper cemented to its edges : if a pointed summit or cap be then added 
to it, the rocket will be ready for use. 

We shall now' give an account of the different artifices with which 
such rockets are loaded. 


I . — Of Serpents, 

Serpents are small flying rockets, without rods, which instead of rising 
in a perpendicular direction, mount obliquely, and descend in a zig-zag 
:: form without ascending to a great height. The composition of them is 

nearly the same as that of rockets ; and therefore nothing more is neces- 
sary than to determine the proportion and construction of the cartridge, which is a 
follows. 

The length a c (Fig. 6), of the cartridge may be about 4 inches ; 
it must be rolled round a stick somewhat larger than the barrel 
of a goose quill, and after being choaked at one of its ends, fill 
it with the composition a little beyond its middle, as to b ; and 
then pinch it so as to leave a small aperture. The remainder 
B c. must be filled with grained pow'der, which wall occasion a report when it bursts. 
Lastly, choak the cartridge entirely towards the extremity c; and at the other ex- 
tremity A place a train of moist powder, to which if fire be applied, it will be eom- 
munieuted to the composition in the part A b, and cause the whole to rise in the air. 
The serpent, as it falls, will then make several small turns in a zig-zag direction, till 
the fire is communicated to the grained p*owder in the part bc ; on which the serpent 
will burst with a loud report before it falls to the ground. 

If the &cri)ent be not choaked towards the middle, instead of moying in a zig-zag 
direction, it wall ascend and descend with an undulating motion, and then burst as 
before. 

The cartridges of serpents are generally made of playing cards. These cards 
arc rolled ro-iind a rod of iron or hard wood, a little larger, as already said, than 
the barrel of a goose quill. To confine the card, a piece of strong paper is cemented 
over it. 

The length of the mould must he proportioned to that of the cards employed, and 
the piercer of the nipple must be three or four lines in length. These serpents are 
loaded with bruised powder, mixed only with a very small quantity of charcoal. To 
introduce the composition into the cartridge, a quill, cut into the form of a spoon, may 
be employed : it must bc rammed down by means of a small rod, to which a few strokes 
are given with a small mallet. 

When the serpent is half loaded, instead of pinching it in that part, you may intro- 
duce into it a vetch seed, and place granulated powder above it to fill up the remainder. 
Above this powder place a small pellet of chewed paper, and then choak the other end 
of the cartridge. If you are desirous of making larger serpents, cement two playing 
cards together ; and, that they may be managed with more ease, moisten them a little 
with water. The match consists of a paste made of bruised powder, and a small 
quantity of water. 


Bg. 6. 
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II. — Marroons, 

Marroons are small cubical boxes, filled with a composition proper for making them 
burst, and may be constructed with great ease. 

Cut a piece of pasteboard, according to the method taught in geometry to form the 
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cube, as seen Fig. 7 * ; join these squares at the edges, leaving 
onlj^ one to be cemented, and fill the cavity of the cube with 
grained powder ; then cement strong paper in various directions 
over this body, and wrap round it two rows of pack-thread, 
dipped in strong glue : then make a hole in one of the corners, 
and introduce into it a match. 

If you are desirous to have luminous marroons, that is to say marroons which, 
before they burst in the air, emit a brilliant light, cover them with a paste, the com- 
position of which will be given hereafter for stars ; and roll them in pulverised gun- 
powder, to serve as a match or communication. 

Ill — Savcisaona. 

Marroons and saucissons ditfei from each other only in their form. The cartridges 
of the latter are round, and must be only four times their exterior diameter in length. 
They are choked at one end in the same manner as a rocket ; and a pellet of paper is 
driven into the apeituie which has been left, in order to till it up. They are then 
charged with grained powder, above which is placed a ball of paper gently pressed 
down, to prevent the powder from being bruised; the second end of the saucisson 
being afterwards choaked, the edges are pared on both sides, and the whole is covered 
with several turns of pack-thread, dipped in strong glue, and then left to dry. 

When you are desirous of charging them, pierce a hole in one of the ends ; and 
apply a mutch, in the same manner us to marroons. 

IV.— Stars. 

Stars are small globes of a composition which emits a brilliant light, that may be 
compared to the light of the stars in the heavens, 'i'hcse balls are not larger than a 
nutmeg or musket bullet, and when put into the rockets must be wrapped up in tow, 
prepared for that purpose. The composition of these stars is as follows. 

To a pound of fine gunpowder will pulveiised, add four pounds of saltpetre, and 
two pounds of sulphur. When these ingredients are thoroughly incorporated, take 
about the size of a nutmeg of this mixtuie, and having wrujit it u() in a piece of linen- 
rag, or of paper, form it into a ball ; then tie it closely round with a pack-thread, and 
pierce a hole through the middle of it, suirieicntly large to receive a piece of prepared 
tow, which will serve as a match. This star, w'hen lighted, will exhibit a most 
beautiful appearance; because the fire as it issues from the two ends ot the bole m 
the middle, will extend to a great distance, and make it appear much larger. 

If you arc desirous to employ a moist composition in the form of a paste, instead of 
a dry one, it will not be necessary to wrap up the star in any thing but prepared tow; 
because, when made of such paste, it can retain its spherical figure. There will be 
no need also of piercing a hole in it, to receive the match ; because when newly made, 
and consequently moist, it may be rolled in pulverised gunpowder, which will adhere 
to it* This powder, when kindled, will serve as a match, and inflame the composition 
of the star, which in falling will form itself into tears. 

Another method of making Rockets with Stars, 

Mix three ounces of saltpetre, with one ounce of sulphur, and two drams of pul- 
verized gunpowder ; or mix four ounces of sulphur with the same quantity of salt- 
petre, and eight ounces of pulverized gunpowder. When these materials have been 
well sifted, besprinkle them with brandy, in which a little gum has been dissolved, 
and then make up the star in the following manner. 

Take a rocket mould, eight or nine lines in diameter, and introduce into it a nip- 
ple, the piercer of which is of a uniform size throughout, and equal in length to tliC 
height of the mould. Put into this mould a cartridge, and by means of a pierced 
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rod load it with one of the preceding conapositions ; when loaded, take it from the 
mould, without remonng the nipple, the piercer of which pasees through the com- 
position, and then cut the cartridge quite round into pieces of the thickness of three 
or four lines. The cartridge being thus cut, draw out the piercer gently, and the 
pieces, which resemble the men employed for playing at drafts, pierced through the 
middle, will be stars, which must be filed on a match thread, which, if you choose, 
may be covered with tow. 

To give more brilliancy to stars of this kind, a cartridge thicker than the above 
dimensions, and thinner than that of a flying-rocket of the same size, may be em- 
ployed ; but, before if is cut into pieces, five or six boles must be pierced in the cir- 
ciiinference of each piece to be cut. When the cartridge is cut, and the pieces have 
been filed, cement over tbe composition small bits of card, each having a hole in the 
middle, so that these holes may correspond to the place where the composition is 
pierced. 

Remarks I. There are several other methods of making stars, which it would be 

too tedious to describe. We shall therefore only shew how to make etoiles h pet^ or 
stars which give a report as loud as that of a pistol or musket. 

Make small saucis&ons, as taught in the third section ; only it will not be necessary 
to cover them with pack-thread : it will be sufficient if they are pierced at one end, 
in order that you may tie to it a star constructed according to the first method, the 
composition of which is dry ; for if the composition be in the form of a paste, there 
will be no need to tie it. Nothing will be necessary in that case, but to leave a little 
more of the paper hollow at the end of the saucissou which has been pierced, for the 
purpose of introducing the composition ; and to place in tbe vacuity, towards the 
neck of the saucisson, some grained powder, which will communicate fire to tbe 
saucisson when the composition is consumed. 

11. As theie aic some stars which in the end become petards, others may be made 
which shall conclude with bccoiriing serpents. But this may be so easily conceived 
and earned into execution, that it would be losing time to enlarge further on tbe 
subject. We shall only observe, that these stars are not in use, because it is difficult 
for a rocket to carry them to a considerable height in the air : they diminish the effect 
of the rocket oi saucisson, and much time is required to make them. 

V. — Shower of JFVrc. 

To form a shower of fire, mould small paper cartridges on an iron rod, two lines 
and a half in diameter, and make them two inches and a half in length. They must 
not be choaked, as it will Le sufficient to twist tbe end of the cartridge, and having 
put the rod into it to beat it, in order to make it assume its form. When the cai- 
tridges are filled, which is done by immersing them in the composition, fold down the 
otlier end, and then apply a match. This furniture will fill the air with an undulating 
tire. The following arc some compositions proper for stars of this kind. 

Chinese fre Pulverised gunpowder one pound, sulphur two ounces, iron sand 

of the first order five ounces. 

Ancient fire. — Pulverised gunpowder one pound, charcoal two ounces. 

Brilliant fire. — Pulverised gunpowder one pound, iron filings four ounces. • 

The Chinese fire is certainly the most beautiful. 

VI.— O/ Sparks. 

Sparks differ from stars only in their size and duration ; for they are made smaller 
than stars ; and are consumed sooner. They are made in the following manner. 

Having put into an eartheni vessel an ounce of pulverised gunpowder, two ounces 
of pulverised saltpetre, one ounce of liquid saltpetre, and four ounces of camphor 
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reduced to a sort of farina, pour over this mixture some gum- water, or brandy in 
which gum-adraganth or gum-arabic has been dissolved, till the composition acquire 
the consistence of thick soup. Then take some lint which has been boiled in brandy, 
or in vinegar, or even in saltpetre, and then dried and unravelled, and throw into the 
mixture such a quantity of it as is sufficient to absorb it entirely, taking care to stir 
it well. 

Form this matter into small balls or globes of the size of a pea ; and having dried 
them in the sun or the shade, besprinkle them with pulverised gunpowder, in order 
that they may more readily catch fire. 

Another method of making Sparks, 

Take the saw-dust of any kind of wood that burns readily, such as fir, elder-tree, 
poplar, laurel, &c., and boil it in water in which saltpetre has been dissolved. When 
the water has boiled some time, take it from the fire, and pour it off in such a man- 
ner that the saw-dust may remain in the vessel. Then place the saw-dust on a 
table, and while moist besprinkle it with sulphur, sifted through a very fine sieve : 
you may add to it also a little bruised gunpowder. Lastly, when the saw^dust has 
been w'ell mixed, leave it to dry, and make it into sparks as above described, 

VII.— O/ Golden Bain. 

There are some flying-rockets which, as they fall, make small undulations in the 
air, like hair half frizzled. These are called cheveluesy bearded lorkets; they 
finish with a kind of shower of fire, which is called golden rain. The method 
of constructing them is as follows. 

Fill the barrels of some goose quills with the composition of flying-rockets, and 
place upon the mouth of each a little nioi'^.t gunpowder, both to keep in the composi- 
tion, and to serve as a match. If a flying-rocket he then loaded with these quills, 
they will produce, at the end, a very agreeable shower of fire, which on account of 
its beauty has been called golden rain. 

article vii. 

Of some Bockets different in their effect ftom common rockets. 

Several very amusing and ingenious works arc made by means of simple rockets, of 
which it is necessary that we should here give the reader some idea. 

I. — Of Courantins, or Bockets which fly along a rope* 

A common rocket, which however ought not to be very large, may be made to 
run along an extended rope. For this purpose, affix to the rocket an empty cartridge, 
and introduce into it tlie rope which is to carry it ; placing the head of the rocket 
towards that side to which you intend it to move : if you then set fire to the lockct, 
adjusted in this manner, it >vill run along the rope without stopping, till the matter 
it contains is entirely exhausted. 

If you are desirous that the rocket should move in a retrograde direction ; first 
fill one half of it with the composition, and cover it with a small round piece of 
wood, to serve as a partition bet^^cen it and that put into the other half; then 
make a hole below this partition, so as to correspond with a small canal filled with 
bruised powder, and terminating at the other end of the rocket ; by these means 
the fire, when it ceases in the first half of the rocket, will be communicated through 
the hole into the small canal, which will convey it to the other end; and this end 
being then kindled, the rocket will move backwards, and return to the place from 
which it set out. 

Two rockets of equal size, bound together by means of a piece of strong pack- 
thread, and disposed in such a manner that the bead of the one shall be opposite 
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to the neck of the other, that when the fire has consumed the composition in the one 
it may be communicated to that in the other, and oblige both of them to move in a 
retrograde direction, may also be adjusted to the rope by means of a piece of hollow 
reed. But to prevent the fire of the former from being communicated to the 
second too soon, they ought to be covered with oil-cloth, or to be wrapped up in paper. 

Remark, — Rockets of this kind are generally employed for setting fire to various 
other pieces when large fire- works are exhibited ; and to render them more agreeable, 
they are made in the form of different animals, such as serpents, diagons, &c. ; on 
which account they are called Jlijing dragons. These dragons are very amusing, espe- 
cially when filled with various compositions, such as golden rain, long hair, &c. 
They might be made to discharge serpents from their mouths, which would produce 
a very pleasing effect, and give them a greater resemblance to a dragon. 

II. — Rockets which Jly along a rope^ and turn round at the same time. 

Nothing is easier than to give to a rocket of this kind a rotary motion around the 
rope along which it advances ; it will be sufficient for this purpose, to tie to it another 
rocket, placed in a tiansversal direction. But the aperture of the latter, instead of 
being at the bottom, ought to be in the side, near one of the ends. If both rockets 
be fired at the same time, the latter will make the other revolve around the rope, 
while it advances along it. 

III. — Of rockets which hum in the water. 

Though fire and water are two things of a very opposite nature, the rockets above 
described, when set on fire, will burn and produce their effect even in the water ; but 
as they are then below the water, the pleasure of seeing them is lost; for this reason, 
when it is lequired to cause rockets to burn as they float on the water, it will be 
necessary to make some change in the proportions ol the moulds, and the materials 
of which tlicy arc composed. 

In legard to the mould, it may be eight or nine inches in length, and an inch in 
diameter: the former, on which the cartiidge is rolled up, may be nine hues in thick- 
ness, and the rod for loading the cartiidge must as usual be someuhat less. For 
loading the cartridge, there is no need of a piercer with a nipple. 

The composition may be made in two wa^s; for if it he required that the rocket, 
while buriniigon the wutei, should appear as bright as a candle, it must he composed 
of three materials mixed together, viz , three ounces of pulverised and sifted gun- 
powder, one pound of saltpetre, and eight ounces of sulphur. But if you are desiious 
that it should appear on the water W'ith a beautiful tail, the composition must consist 
of eight ounces of gunpowder pulverised and sifted, one pound of saltpetre, eight 
ounces of pounded and sifted sulphur, and two ounces of charcoal. 

When the composition has been prepared according to these proportions, and the 
rocket has been filled in the manner above described, apply a saudsson to tbc end of 
it ; and having covered the rocket with wax, black pitch, ro.sin, or any other 
substance capable of preventing the paper from being spoilt in the water, attach to 
it a small rod of white willow, about two feet in length, that the rocket may con- 
veniently float. 

If it be required that these rockets should plunge down, and again rise up; a cer- 
tain quantity of pulverised gunpowder, without any mixture, must be introduced into 
them, at ceitain distances, such for example, as two, three, or four lines, according 
to the size of the cartridge. 

Remat ks. I. Small rockets of this kind may he made, without changing the mould 

or composition, in several different ways, which, for the sake of brevity, we are 
obliged to omit, Such of our readers as are desirous of further information on this 
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subjectt may consult these authors who have written expressly on pyrotechity, some 
of whom we shall mention at the end of the 12th section. 

II. It is possible also to make a rocket which, after it has burnt some time on the 
water, shall throw out sparks and stars ; and these after they catch fire shall ascend 
into the air. This may be done by dividing the rocket into two parts, by means of 
a round piece of wood, having a hole in the middle. The upper part must be filled 
with the usual composition of lockcts, and the lower with stars, which must be mixed 
with grained and pulverised gunpowder, 8tc. 

III. A rocket which takes fire in the water, and, after burning there half the time 
of its duration, mounts into the air with great velocity, may be constructed in the 
following manner. 

Take a flying rocket, furnished with its rod, and by means of a little glue attach it 
to a water rocket, but only at the middle a (Fig. 8.) in such a mannner that the 
latter shall have its neck uppermost, and the other its neck downward. Adjust to 
their extremity a a small tube, to commuicate the fire from the one to the other, 
and cover both with a coating of pitch, wax, &c., that they may 
not be damaged by the water. 

Then attach to the flying rocket, after it has been thus 
cemented to the aquatic one, a rod of the kind dcsciibtd in 
the 2d aiticle, as seen in the figure at d ; and from t 8U‘'pcnd 
a piece of packthread, to support a musket bullet b, made 
fast to the rod by means of a needle or bit of iron tvire. 
When these arrangements have been made, set fire to the part 
c after the rocket is in the water ; and when the composition 
is consumed to b, the fire w'ill be communicated through the 
small tube to the other rocket ; the latter will then rise and 
leave the other, which will not be able to follow it on account 
of the weight adhering to it. 

IV. 3y means of rochets^ to represent several fgvres in the air. 

If several small rockets be placed upon a large one, their rods being fixed around the 
large cartridge, which is usually attached to the head of the rocket, to contain what it 
is destined to carry up into the air ; and if these small rockets be set on fire while the 
large one is ascending, they will represent, in a very agreeable manner, a tree, the 
trunk of which will be the large rocket, and the branches the small ones. 

If these small rockets take fire when the large one is half burned in the air, they 
will represent a comet ; and when the large one is entirely inverted, so that its head 
begins to point downwards, in order to fall, they will represent a kind of fiery 
fountain. 

If the barrels of several quills, filled with the composition of flying rockets, as 
above described, be placed on a large rocket ; when these quills catch fire, they will 
represent, loan eye placed below them, a beautiful shower of tire, or of half frizzled 
hair if the eye be placed on one side. 

If several serpents he attached to the rocket with a piece of pack-thread, by the ends 
that do not catch fire ; and if the pack-thread he suffered to hang down two or three 
inches, between every two, this arrangement will produce a variety of agreeable and 
amusing figures. 

V . — A rocket which ascends in the form of a screw. 

A straight rod, as experience shews, makes a rocket ascend perpendicularly, and in 
a straight line : it may be compared to the rudder of a ship, or the tail of a bird, the 
effect of which is to make the vessel or bird turn downwards that side to which it is 
Inclined : if a bent rod therefore he attached to a rocket, its first effect will be to make 
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the rocket incline towards that side to which it is bent ; but its centre of gravity 
bringing it afterwards into a vertical situation, the result of these two opposite 
efforts will be that the rocket will ascend in a zig-zag or spiral form. In this case 
indeed, as it displaces a greater volume of air, and describes a longei line, it will not 
ascend so high, as if it had been impelled in a straight direction ; but, on account of the 
singularity of this motion, it will produce an agreeable effect. 

ARTICLE vni. 

Of Globes and Fire Balls, 

We have hitherto spoken only of rockets, and the different kinds of works which 
can be constructed by their means. But there are a great many other fireworks, the most 
remarkable of which we shall here describe. Among these are globes and fireballs; 
some of which are intended to produce their effect in water ; others by rolling or leap> 
ing on the ground : and some, which are called bombs, do the same in the air. 

I. — Globes which burn on the water. 

These globes, or fire halls, are made in three different forms ; spheiical, spheroidal, 
or cylindrical ; but we shall here confine ourstlves to the spherical. 

To make a spherical fire ball, construct a hollow wooden 
globe of any size at pleasure, and very round both within and 
without, so that its thickness a c or a n (Fig. 9.), may be equal 
to about the ninth jmrt of the diameter a n. Insert in the upper 
part of it a right concave cylinder e f g h, the breadth of which 
K F may be equal to the fifth part of the diameter a b; and hav- 
ing an aperture, l M or o n, equal to the thickness a c or b d, 
that IS, to the ninth part of the diameter a b. It is through this 
aperture that file is communicated to the globe, when it has 
been tilled with the pioper composition, through the lower aper- 
ture 1 K. A petal d of metal, loaded with good powder, is to be introduced also through 
the lower aperture, and to be placed hoiizontally as seen m the figure. 

When this is done, close up the aperture i k, which is nearly equal to the thickness 
E F or G n, of the cylinder r. f g h, by means of a wooden tompion dipped in 
warm pitch ; and melt over it such a quantity of lead that its weight may cause the 
globe to sink in water, till nothing remain above it but the part g ii ; which will 
be the case it the weight of the lead, with that of the globe and the coip position, be 
equal the W'eight of an equal volume of water. If the globe be then placed in the water, 
the lead by its gravity will make the aperture ik tend directly downwards, and keep in 
a perpendicular direction the cylinder e f g h, to which fire must have been pre- 
viously applied. 

To ascertain whether the lead, which has been added to the globe, lenders its 
weight equal to that of an equal volume of water, rub the globe over with pitch or 
grease, and make a trial, by placing it in the w'ater. 

The composition wdtli which the globe must be loaded, is as follows : to a pound 
of grained powder, and 32 pounds of saltpetre reduced to fine flour, 8 pounds of sul- 
phur, 1 ounce of scrapings of ivory, and 8 pounds of saw-dust previously boiled in 
a solution of saltpetre, and dried in the shade or in the sun. 

Or, to 2 poiindh of bruised gunpowder, add 12 pounds of saltpetre, 6 pounds of 
sulphur, 4 pounds of iron filings, and 1 pound of Greek pitch. 

It is not necessary that this composition should be beaten so tine as that intended 
for rockets : it requires neither to be pulverised nor sifted ; it is sufficient if it 
be well mixed and incorpoiated. But to prevent it from becoming too dry, it 
will be proper to besprinkle it with a little oil, or any other liquid susceptible of 
mflaiiiumtiou. 
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II. — Of Globes which leap or roll on the ground, 

I. Having constructed a wooden globe a, (Fig. 10.) with a 
cylinder c, similar to that above described, and having loaded it 
with the same composition, introduce into it four petards, op 
even more, loaded with good grained gunpowder to their oriiices, 
as A. B ; which must be well stopped with paper or tow. If a 
globe, prepared in this manner, be fired by means of a match at , 
c, it will leap about, as it burns, on a smooth horizontal plane, 
according as the petards are set on fire. 

Instead of placing these petards in the inside, they may be 
affixed to the exterior surface of the globe; which they will 
make to roll and leap as they catch fire. They may be applied in any manner to the 
surface of the globe, as seen in the figure. 

II. A similar globe may be made to roll about on a horizontal plane, with a very 
rapid motion. Construct tw'o equal hemispheres of pasteboard, and adjust in one of 
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them, as a b, (Fig. 11.), three common rockets c, d, e, filled 
and pierced like flying rockets which have no petard : the«e 
rockets must not exceed the interior breadth of the hemisphere, 
and ought to be arranged in such a manner, that the head of the 
one shall correspond to the tail of the other. 

The rockets being thus arranged, join the two hemispheres, by 
cementing them together with strong paper, in sucli a manner, 
that they shall not separate, while the globe is moving and turning, at the same time 
that the rockets produce their cflfect. To set fire to the first, make a hole in the 
globe opposite to the tail of it, and introduce into it a match. Tins match will com- 
municate fire to the first rocket; which, when consumed, will set fire to the second 
by means of another match, and so on to the rest , so that the globe, it placed on a 
smooth horizontal plane, will be kepi in continual motion. 

It is here to be observed, that a few more holes must be made in the globe, other- 
wise it will burst. 

The two hemi'^pheres of pasteboard may be prepared in the following manner : 
construct a very round globe of solid wood, and rover it with rnelti'd wax ; then 
cement over it several bauds of coarse paper, about two inche.s in breadth, giving it 
several coats of this kind, to the thickness of about two linos. Or, what will be still 
easier and better, having dissolved, in glue water, some of the pulp employed by the 
paper makers, cover with it the surface of the globe; then dry it gradually at a slow 
fire, and cut it through in the middle ; by which means you will have two strong 
hemispheres. The wooden globe may be easily separated from the pasteboard by 
means of heat ; for if the w'hole be applied to a strong fire the wax will dissolve, 
so that the globe may be drawn out. Instead of melted wax, soap may be em- 
ployed. 


III . — Of Aninl Globes^ called Bombs. 

These globes are called aerials, because they aie thrown into the air from a mortar, 
which is a short thick piece of artillery of a large calibre. 

Though these globes are of wood, and have a suitable thickness, namely, equal to 
the twelfth part of their diameters, if too much powder be put into the mortar, they 
will not be able to resist its force; the charge of powder therefore must be proper- 
tioned to the globe to be ejected. The usual quantity is an ounce of powder for a 
globe of four pounds weight; two ounces for one of eight, and so on. 

As the chamber of the mortar may lie too large to contain the exact quantity of 
pow'der sufficient for the fire ball, which ought to be placed immediately above the 
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powder, in order that it may be expelled and set on fire at the same time, another 
mortar may be constructed of wood, or of pasteboard with a wooden 
Bg . 12. bottom, as a b, (,Fig. 12.) It ought to be put into a large iron mortar, 
and to be loaded with a quantity of powder proportioned to the 
weight of the globe. 

This email mortar must be of light wood, or of paper pasted 
together, and rolled up in the form of a cylinder, oi truncated cone, 
the bottom excepted ; which, as already said, must be of wood. The 
chamber for the powder a c must be pierced obliquely, with a small 
gimblet, as seen at b c ; so that the aperture b, corresponding to the aperture of the 
metal mortar, the fire applied to the latter may be communicated to the powder 
which is at the bottom of the chamber a c, immediately below the globe. By these 
means the globe will catch fire, and make an agreeable noise as it rises into the air; 
but it would not succeed so well, if any vacuity were left between the powder and 
the globe. 

A profile or peipendicular section of such a globe is represented by the right-angled 
paiallelogram aucd, (Fig. 13.), the breadth of which a b is 
nearly equal to the height a d. The thickness of the wood, 
towards the tM'o sides, l, m, is equal, as above said, to the 
twelfth part of the diameter of the globe ; and the thickness, 
£ F, of the cover, is double the preceding, or equal to a sixth part 
of the diameter. The height c k or H i of the chamber, o H i K, 
where the match is applied, and which is terminated by the 
semicircle L G h m, is equal to the fourth part of the breadth A B ; 
and its breadth g u is equal to the sixth part Of a b. 

We must here observe that it is dangerous to put wooden covers, such as e p, on 
aerial balloons or globes : for these covers may be so heavy, as to wound those on 
whom they happen to fall. It will be sufficient to place turf or hu} above the 
globe, in order tliat the powder may experience some resibtaiice. 

The globe must be filled with seveial pieces of cane or common reed, equal in 
length to the interior height of the globe, and charged with a slow composition, 
made of thiee ounces of pounded gunpowder, an ounce of sulphur moistened with 
a small quantity of peti oleum oil, and two ounces of charcoal: and in order that 
these reeds .or canes may catch fire soonei, and with more facility, they must be 
charged at the lower ends, which rest on the bottom of the globe, with pulverised 
gunpowder moistened in the same manner with petroleum oil, or well besprinkled 
with brandy, and then dried. 

The bottom of the globe ought to be covered with a little gunpowder half pulve- 
rised and half grained ; which, when set on fire, by means of a match applied to the 
end of the chamber o h, will set fire to the lower part of the reed. But caie 
must have been taken to fill the chamber with a composition similar to that in the 
reeds, or with another slow composition made of eight ounces of gunpowder, four 
ounces of saltpetre, two ounces of sulphur, and one ounce of charcoal ; the whole 
must be well pounded and mixed. 

Instead of reeds, the globe may be charged with running rockets, or paper petards, 
and a quantity of fiery stars or sparks mixed with pulverised gunpowder, placed 
without any order above these petards, which must be choaked at unequal heights, 
that they inav perform their effect at different times. 

These globes may be constructed in various other ways, which it would be tedious 
here to enumerate. We shall only observe that, when loaded, they must be well 
covered at the top ; they must be wrapped up in a piece of cloth dipped in glue, and 
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a piece of woollen eldth must be tied round them, eo at to cover the hole whidb eon. 
taim the match. 

ARTICLE IX. 

Jet$ of Fire, 

Jets of fire are a kind of fixed rockets, the effect of which is to throw up into the air 
jets of fire, similar to jets of water. They serve also to represent cascades ; for if a 
series of such rockets be placed horizontally on the same line, it may be easily seen 
that the fire they emit will resemble a sheet of water. When arranged in a circular 
form, like the radii of a circle, they form what is called a fixed si/n. 

To form jets of this kind, the caHridge for brilliant fires must, in thickness, 
be equal to a fourth part of the diameter; and for Chinese fire, only to a sixth 
part. 

The cartridge is loaded on a nipple, having a point equal in length to the same diame- 
ter, and in thickness to a fourth part of it; but as it generall) happens that the mouth 
of the jet becomes larger than is necessary for the effect of the fire, you must begin 
to charge the cartridge, as the Chinese do, by filling it to a height equal to a fourth 
part of the diameter with clay, which must be rammed down as if it were gunpowder. 
By these means the jet will ascend much higher. When the charge is completed with 
the composition you have made choice of, the cartridge must be closed with a tompion 
of wood, above which it must be choaked. 

The train or match must be of the same composition as that employed for loading ; 
otherwise the dilatation of the air contained in the hole made by the piercer, would 
cause the jet to burst. 

Clayed rockets may be pierced with two holes near the neck, in order to have 
three jets in the same plane. 

If a kind of top, pierced with a number of boles, be added to them, they will imitate 
a bubbling fountain. 

Jets intended for representing sheets of fire ought not to be choaked. They must 
be placed in a horizontal position, or Inclined a little downwards. 

It appears to us that they might be choaked so as to form a kind of slit, and be 
pierced in the same manner ; w’hicb would contribute to extend the sheet of fire still 
farther. A kind of long narrow mouths might even be provided for this particular 
purpose. 

PRINCIPAL COMPOSITIONS FOB JETS OP FIRE. 

Ist. For Jets of 5 lines or less, of interior diameter. 

Chinese fire. — Saltpetre 1 pound, pulverised gunpowder 1 pound, sulphur 8 
ounces, charcoal 2 ounces. 

White fire — Saltpetre 1 pound, pulverised gunpowder 8 ounces, sulphur 3 ounces, 
charcoal 2 ounces, iron sand of the first order 8 ounces. 

2d. For Jets of from 10 to 12 lines in diameter. 

Brilliant fire. Pulverised gunpowder 1 pound, iron-filings of a mean size, 5 ounces. 

White fire. Saltpetre ] pound, pulverised gunpowder 1 pound, sulphur 8 ounces, 
charcoal 2 ounces. 

Chinese y!re.<««Saltpetre I pound 4 ounces, sulphur 5 ounces, charcoal 5 ounces, 
sand of the third order 12 ounces. 

3d. For Jets of \& or 18 lines in diameter, 

Chinese jSre.^Saltpetre 1 pound 4 ounces, sulphur 7 ounces, charcoal 5 ounces, of 
the six different kinds of sand mixed 12 ounces. 
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Father d'lnearville, iti his memoirs on this sulijeet, gives various other proportions 
for the composition of these jets ; but we must confine ourselves to what has been 
here said, and refer the reader to the author*8 memoirs, which will be found in 
the Manual de PArtificier.’* 

The saltpetre, pulverised gunpowder, and charcoal, are three times sifted through a 
hair sieve. The iron sand is besprinkled with sulphur, after being moistened with a 
little brandy, that the sulphur may adhere to it; and they are then mixed together : 
the sulphured sand is then spread over the first mixture, and the whole is mixed with 
a ladle only ; for if a sieve were employed, it would separate the sand from the 
other materials. When sand larger than that of the second order is used, the 
composition is moistened with brandy, so that it forms itself into balls, and the jets 
are then loaded: if there were too much moisture, the sand would not perform its 
effect. 


ARTICLE X. 

Of Fires of different Colours. 

It is much to be wished that, for the sake of variety, different colours could be 
given to these fire>works at pleasure ; but though wc are acquainted with several 
materials which communicate to flame various colours, it has hitherto been possible 
to introduce only a very few colours into that of inflamed gunpowder. 

To make white fire, the gunpowder must be mixed with iron or rather steel* 
filings. 

To make red fire, iron sand of the first order must be employed in the same 
manner. 

As copper filings, when thrown into a flame, render it green, it might be concluded, 
that if mixed with gunpowder, it would produce a green flame; but this experiment 
docs not succeed. It is supposed that the flame is too ardent, and consumes the 
inflammable part of the coppei too soon. But it is probable that a sufficient 
number of trials have not yet been made; for is it not possible to lessen the force of 
gunpowder in a considerable degree, by increasing the dose of the charcoal? 

However, the following arc a few of those materials which, in hooks on Pyro- 
techriy, are said to possess the property of communicating various colours to fire- 

orks. 

Camphor ii^ixcd with the composition, makes the flame to appear of a pale white 
colour. 

Raspings of ivory give a clear flame of a silver colour, inclining a little to that of 
lead ; or rather a white dazzling flame. 

Greek pitch produces a reddish flame, of a bronze colour. 

Black pitch, a dusky flame, like a tliick smoke, which obscures the atmosphere. 

Sulphur, mixed in a moderate quantity, makes the flame appear bluibh. 

Sal ammoniac and verdignse give a greenish flame. 

Raspings of yellow amber communicate to the flame a lemon colour. 

Crude antimony gives a russet colour. 

Borax ought to produce a blue flame ; for spirit of wine, in which sedative salt, one 
of the component parts of borax, is dissolved by the means of heat, burns with a 
beautiful green flame. 

Much, however, still remains to be done in regard to this subject ; but it would 
add to the beauty of artificial fireworks, if they could be varied by giving them dif- 
ferent colours : this would be creating for the eyes a new pleasure. 

ARTICLE XI. 

Composition of a Paste proper for representing animals and other devices in fire. 

It is to the Chinese also that see are indebted for this method of representing 
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figures with fire. For this purpose, take sulpliur reduced to an impalpable powder 
and having formed it into a paste with starch, cover with it the figure you are desir- 
ous of representing on fire: it is here to be observed, that the figure must first be 
coated over with clay, to prevent it from being burnt. 

When the figure has been covered with this paste, besprinkle it while still moist 
with pulverised gunpowder ; and when the whole is perfei tly dry, ai range some small 
matches on the principal parts of it, that the fire may be speedily communicated to it 
on all sides. 

The same paste may be employed on figures of clay, to form devices and various 
designs. Thus, for example, festoons, garlands, and other ornaments, the flowers of 
which might be imitated by fire of different colours, could be formed on the frieze of 
a piece of architecture covered with plaster. The Chinese imitate grapes exceedingly 
Veil, by mixing pounded sulphur with the pulp of the jujube, instead of flour 
paste. 

ARTICLE XIL 

Of Suntf both fixed and moveable* 

None of the pyrotechnic inventions can be employed with so much success, in 
artificial fire-works, as suns ; of which there are two kinds, fixed and revolving : the 
method of constructing both is very simple. 

For fixed suns cause to be constructed a round piece of wood, into the circumference 
of which can be screwed twelve or fifteen pieces in the form of ladii ; and to these 
radii attach jets of fire, the composition of which has been already described ; so that 
they may appear as radii tending to the same centre, the mouth of the jet being 
towards the circumference. Apply a match in such a manner, that the fire communi- 
cated at the centie may be conveyed, at the same time, to the mouth of each of the 
jets, by which means, each throwing out its fire, there will be produced the appear- 
ance of a radiating sun. We here suppose that the wheel is placed in a position per- 
pendicular to the horizon. 

These rockets or jets may be so arranged as to cross each other in an angular manner ; 
in which case, instead of a sun, you will have a star, or a sort ot cross resembling that 
of Malta. Some of these suns are made also with several rows of jets: these are 
called glories. 

Revolving suns may he constructed in this manner. Provide a wooden wheel, of 
any size at pleasure, and brought into perfect equilibrium around its centre, in order 
that the least efifort may make it turn round. Attach to the circumference of it fire- 
jets placed in the direction of the circumference ; they must not be cboaked at the 
bottom, and ought to be arranged in such a manner that tbc mouth of the one shall 
be near the bottom of tbe other, so that when the fire of the one is ended, it may 
immediately proceed to another. It maybe easily perceived, that when fire is applied 
to one of these jets, tbe recoil of the rocket will make tbc wheel turn round, unless 
it be too large and ponderous : for this rea'‘On, when these sims are of a consider- 
able size, that is when they consist for example of 20 rockets, fite must be communi- 
cated at the same time to the first, the sixth, tbe eleventh, and the sixteenth; fiom 
which it will proceed to the second, the seventh, the twe lfth, tbc seventeentb and 
so on. These four rockets will make the wheel turn round with lapidity. 

If two similar suns be placed one behind the other, and made to turn in a con- 
trary direction, they will produce a very pretty effect of cross-fire. 

Three or four suns, with horizontal axes passing through them, might be im- 
planted in a vertical axis, moveable in the middle of a table. These suns, revolving 
around the table, will seem to pursue each other. It may be easily perceived thal, 
to make them turn around tbe tabic, they must be fixed on their axes, and these 
axes, at the place where they rest on the table, ought to be furnished with a very move- 
able roller. 
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Wo shall say nothing farther on artificial fireworks; because it is not possible in 
this work to give a complete treatise of Pyrotechny. We shall therefore content 
ourst Ives with pointing out, to those who are fond of this art, a few of the best 
authors on the subject. One is, ** Traite des Feux d’Artifice de M. Frezier,” anew* 
edition of which was published in 1745. We shall mention also the work of 
Pen met d’Orval, entitled “Traite des Feux d’Artifice, pour le Spectacle et pour 
la tlueire.” To these we may add “Le Manuel de TArtificier,*’ Paris 1757, l2ino. 
which contains, in a very small compass, the whole substance of the art of making 
arlificial fireworks : it is an abridgment of the latter work, angmented with seveial 
new and curious compositions, in regard to the Chinese fire, by Father dTncarville. 

ARTICLE xm. 

Of Ointment for Burns, 

It is proper that we should terminate a treatise on pyrotechny by some remedy for 
burns ; as accidents must often take place in handling such a dangerous element as 
fire. We shall therefore not hesitate to follow the example of Oianam, who in this 
respect is himself a follower of Siemieiiowitcz, and thfe greater part of those who 
have written on this subject : we shall even confine ourselves to the remedy he 
proposes. 

Boil fresh hog’s lard in common water, over a slow fire ; skim it continually till 
no more scum is left, and let the melted lard remain in the open air for three or four 
nights. Melt it again in an earthen vessel, over a slow and moderate fire, and strain 
it into cold water through a piece of linen cloth ; then wash it veil in pure river or 
spring water, to fiee it from its'salt, and to make it become white ; then press it into 
a glazed eartheni vessel and preserve it for use. 

It generally happens, in cases of burning, that the skin rises in blisters, which 
however must not be opened till the third or fourth day after the ointment has been 
applied. 


ARTICLE XIV. 

Pyrotechny without firCy and merely Optical. 

As the inventions which we have here described, are necessarily attended with 
considerable expense, and are besides dangerous, attempts have been made in modern 
times, and with a considerable degree of success, to imitate the dififerent kinds of 
fire-works by optical effects, and to give them the appearance of niotion, though in 
reality fixed. By means of this invention, the spectacle of artificial fire- works may 
be exhibited at a very small expense, and if the pieces employed are constructed with 
ingenuity, if the rules of perspective are properly observed, and if, in viewing the 
spectacle, glasses which magnify the objects and render them somewhat less distinct 
be employed, a very agreeable illusion will be produced. 

The artificial fii e-works imitated with most success by this invention, are fixed suns, 
gerbes and jets of fire, cascades, globes, pyramids and columns moveable around their 
axes. To represent a gerbe of fire, take paper blackened on both sides, and very 
opake, and having delineated on a piece of white paper the 
figure of a gerbe of fire, apply it to the black paper, and 
with a point of a very sharp penknife make several slashes 
(Fig. 14.) in it, as 3, 5 or 7» proceeding from the origin 
of the gerbe : these lines must not be continued but cut through 
at unequal intervals. Pierce these intervals with unequal holes 
made with a pinking iron, (Fig. 14.), in order to represent the 
sparks of such a gerbe. In short you must endeavour to paint, 
by these lines and holes, the well known effect of the fire of 
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inflarocd gunpowder, when it iuuas through a tmall aper- 
ture. 

According to the same principles, you may delineate the cas- 
cades (Fig. 15) and jets of fire which you are desirous of intro- 
ducing into this exhibition, which is purely optical ; and those 
jets of fire which proceed from the radii of suna, either fixed or 
moveable. It may easily be conceived that in this operation 
taste must be the guide. 

If you arc desirous of representing globes, pyramids, or revolv. 
ing columns, draw the outlines of them on paper, and then cut 
them out in a helical form; that is, cut out spirals with the 
point of a penknife, and of a size proportioned to that of the 
piece. 

It is to be observed also, that as these different pieces have 
different colours, they may be easily imitated by pasting on the 
1 back of the paper, cut as here described, very fine silk paper 
coloured in the proper manner. As jets, for example, when 
loaded with Chinese fire, give a reddish light, you must paste 
to the back of these jets transparent paper, slightly tinged with 
red ; and proceed in the same manner in regard to the other 


colcurs by which the different fire- works are distinguished. 

When these preparations have been made, the next thing is to give motion, or the 
appearance of motion, to this fire, which may be done two ways according to cir- 


cumsjtaiices. 

If a jet of fire, for example, is to be represented, prick unequal holes, and at unequal 
distances from each other, in a band of paper, (Fig. 17 ), and then move 


Fig. 17. 



this band, making it ascend between a light and the above jet; the 
rays of light which escape through the holes of the moveable paper 
will exhibit the appearance of sparks rising into the air. It is to be 
observed that one part of the paper must be whole, that another must 
be pierced with holes thinly scattered ; that in another place they must 
be very close, and then moderately so ; by these means it will represent 
those sudden jets of fire observed in fire-works. 

To represent a cascade, the paper pierced with holes, instead of 
moving upwards, must be made to descend. 

This motion may be easily produced by means of two roller*?, on one 
of which the paper is rolled up while it is unrolled from the other. 

Suns are attended with some more difficulty ; because in these it is 
necessary to represent fire proceeding from the centre to the circumfe- 


rence. The artifice foi this purpose is as follows. 


On strong paper describe a circle, equal in diameter to the sun which you are desi- 
rous to exhibit, or even somewhat larger; then trace out on this circle two spirals, at 
the distance of a line or half a line from each other, and open the interval between 
them with a penknife, in such a manner, that the paper may be cut from the circum- 
ference, decreasing in breadth to a certain distance from the 



centre, (Fig. 18.); cut the remainder of the circle into spirals 
of the same kind, open and close alternately, then cement the 
paper circle to a small iron hoop, supported by two pieces of 
iron, crossing each other in its centre, and adjust the whole to a 
small machine, which will suffer it to revolve round its centre. 
If this moveable paper circle, cut in this manner, be placed 
before the representation of your sun, with a light behind it, as 


soon as it is made to move towards that side to which the convexity of the spirals is 
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turned, tlie luminous spirals, or those which afford a passage to the light, will give, on 
the image of the radii or jets of fire of your sun, the appearance of fire in continual 
motion, as if undulating from the centre to the circumference. 

The appearance of motion may be given to columns, pyramids, and globes, cut 
through in the manner above described, by moving upwards, in a vertical direction, a 
band of paper cut through into apertures inclined at an angle somewhat different from 
that of the spirals* By these means the spectators will imagine that they see fire 
continually circulating and ascending along these spirals ; and the result will be a sort 
of illusion, in consequence of which the columns or pyramids will seem to revolve 
with them. 

But we shall not enlarge farther on this subject ; it is sufficient to have explained 
the principle on which this cheap kind of pyrotechny can be exhibited ; the taste of 
the artist may suggest to him many things to give more reality to this representation, 
and to render the deception stronger. 

We shall however add a few words respecting illuminations which form a part of 
pyrotechny. 

Take some prints respecting a castle, or palace, &c . ; and having coloured them 
properly, cement paper to the back of them, in such a manner that they shall be only 
semi-transparent ; then, with pinking irons of different sizes, prick small holes in 
the places and on the lines where lamps are generally placed, as along the sides of the 
windows, on the coniiees, or bdustrades, &c. But care must be taken to make these 
holes smaller and closer, according to the perspective diminution of the figure. With 
other irons of a larger size, cut out, in other places, some stronger lights ; so as to 
represent fire-pots, &c. Cut out also the panes in some of the windows, and cement 
to the back of them transparent paper of a green or red colour, to represent curtains 
drawn before them, and concealing an illuminated apartment. 

When the print is cut in this manner, place it in the front of a sort of small 
theatre, strongly illuminated from the back part, and look at it through a convex gln‘’s 
of a pretty long focus, like that used in those small machines called optical boxes 
If the rules of perspective have been properl} observed in the prints, and if the lights 
and shades have been distributed with taste, this spectacle will be highly agreeable. 
It may be intermixed with some of the pyrotechnic artifices above described; as such 
illuminations arc in general accompanied with fire- works. 
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PART ELEVENTH. 

CONTAINING EVERT THING MOST CURIOUS IN PHILOSOPHY IN 
GENERAL, AND IN ITS VARIOUS BRANCHES. 


Hating gone through the different parts of the Mathematics, and of the sciences or 
arts comprehended under that head, we now enter the field of Philosophy, which pre- 
sents as many objects worthy of exciting our curiosity as the mathematics ; or, rather, 
which is indeed still more fertile in that respect, and affording matter still better 
adapted to the comprehension of the generality of readers. This matter is even so 
abundant, that we can scarcely establish divisions in it ; so that this part of our work 
wjU be a kind of a miscellany, without much order, of every thing that belongs to 
philosophy in general. We shall successively review in it the piincipal properties of 
bodies; the inventions, whether useful or amusing, to which these pioperties have 
given birth ; various questions relating to the system of the world, to meteors, and 
the origin of springs, with other objects, which it would be too tedious to enumerate. 
But before we enter this vast field, it is necessary that we should establish some 
general principles, which- we shall do in the following account of what philosophers 
have called the four elements, viz., fire, air, water, and earth. 

PPELIMINARY DISCOURSE, 

On the Elements of Bodies. 

In analyzing any material, when we have arrived at its last component parts, 
and cannot decompose them farther, we ought to regard them as its elements. Now 
every one knows that all or most bodies, submitted to analysis, furnish a fixed matter ; 
also something that is inflammable; an invisible fluid, which manifests itself only 
by its expansibility and its resistance; and lastly, another which heat raises into 
vapours, and which afterward re-unites under a visible form. These four component 
parts have been named earthtfre, air, and water. These enter into the composition 
of most bodies ; but cannot themselves be decomposed. They ought therefore to 
be considered as the elements of all other bodies; which justifies the common deno- 
mination, which has been established almost from the first dawm of philosophy, accord- 
ing to which there are in nature the four elements, fire, air, water, and earth. 

I.— 0/ Fire, loth elementary and material. 

What is Fire ? This is perhaps one of the most obscure questions in philosophy, and 
the least susceptible of a satisfactory answer. The most probable account, however, 
which its known properties enable us to give, is the following. ^ 

Fire is a fluid universally diffused throughout nature ; which penetrates all bodies 
with more or less facility ; is susceptible of being accumulated in some of them, and 
this accumulation produces, in regard to us, that sensation which we call heat. 
When this accumulation is carried to a higher degree, it produces inflammation and 
combustion, which are always accompanied with light. In every state, this fluid 
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dilafes bodies iti proportion to the greater or less quantity of it present ; and it at 
length separates their parts* which we call fusing, burning, calcining. 

That fire is a fluid, there can be no reason to doubt : for if it were not, how could 
it be diffused throughout the atmosphere, and throughout water, without forming an 
obstacle to the motion of bodies ? How could it penetrate the densest and most 
compact bodies, such for example as metals? 

Nay, fire is not only a fluid, but it is even tbe principle of all fluidity : without its 
influence, all the fluids with which we are acquainted, would be reduced to mas'^es 
absolutely solid. Metals become fixed at a degree of heat' far superior to that of 
boiling water. Water loses its fluidity as soon as the heat or quantity of fire has been 
diminished to a certain degiee. Spirit of wine, and even mercury, are congealed by 
the progressive diminution of heat. There is a degree of cold, or privation of heat, 
perhaps, which would convert air into a fluid-like water, and even into a solid body ; 
but we are at a prodigious distance from that term. 

Fire penetrates all bodies with more or less facility. This follows from the commu- 
nication of heat from a hot to a cold body. It is with greater or less, a moderate 
facility, and not with extreme facility, that beat is communicated : for it is well known 
that this communication is not instantaneous : if the point of a pretty long needle 
be presented to the flame of a taper, both its ends do not become equally hot at the 
same time. One body receives this heat more readily than another; or, as we may 
say, has a greater affinity for heat. 

The accumulation of the igneous fluid produces on our bodies that sensation which we 
call heat. This requires no proof; but the sensation is only relative. As long as 
the palm of the hand, for instance, is hotter than the body with which it is in contact, 
the latter seems to us cold ; but it will, on the contrarj , seem warm, if the band 
be colder, or contains less of tbe igneous fluid; or if that fluid tends to pass 
gradually, as it does, from that body into the hand. Every person almost is 
acquainted with the following experiment : heat one hand in a very high degiee, 
and cool the other almost to the temperature of ice; if you then immerse both of 
them into tepid water, the one will experience a sensation of cold, and the other of h^at. 

This accumulation^ carried to a considerable degree , produces inflammation ^ always 
accompanied with light. It results fiom some experiments made by Buffon, that 
iron exposed, without being in contact, to the action of another body in a slate of 
inflammation, becomes itself inflamed and red. But an ignited body is nothing else 
than a body in which the ingueous fluid is accumulated to such a degree as to become 
luminous. All light indeed is not accompanied with heat ; but all heat, carried to a 
certain degree, produces light. 

Has fire weight? It appears to us that there can be no doubt that fire is heavy ; it 
is matter, since it acts upon matter; and therefore it must possess weight. But the 
question is, to know whether this weight is perceptible, and can be indicated by the 
instruments which we employ. S’Gravesande and Muschenbrocck made some expe- 
riments on this subject ; but they found no difference between masses of ignited iron, 
or iron penetrated with fire, and the same masses when cold. They however con- 
cluded from them, that as ignited iron, which by its increasing in volume ought to 
weigh somewhat less in air, weighed the same in that state as when cold, this cqiia- 
lity^must have arisen from the addition of the weight of the fire present in it. But 
their experiments were not made with the necessary degree of care. 

Buffon, who, by means of the forges belonging to him, was enabled to make a 
much greater number of experiments, and on a larger scale, always found that pieces 
of forged iron, brought to a state of ignition, weighed a little more than when cold ; 
and be fixed the diminution at a OOOth part of tbe weight of the ignited body. But 
it must be allowed, and Buffon was sensible of it himself, that this experiment could 
not be decisive : for he has shewn, that iron kept for some time at a red beat, con- 
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tiiiutlly loiet i part of its wdgiit, because it gradually bums} on this account be 
^ made further experiments on a substance very common in furnaces, namely slag. He 
first assured bilnself that slag retains its weight, or loses only an insensible portion 
of it, in consequence of being heated and cooled again. He then weighed some of 
tbkilag cold, by a very delicate balance; he next brought it toa white heat, and then 
weighed it a second and a third time after it bad cooled. Five experiments of this 
kind always gave an excess of weight in the ignited slag, above that which it had 
when cold, both before and after. This difference amounted to a 5d0th or a 600th 
part of that of the piece of slag. 

But it may be said, if this be the ease, fire is heavier than air ; for the specific 
gravity of slag is to that of water, as 2^ to 1 ; therefore this gravity is to that of air 
os 2125 to 1. But the fire contained in a piece of ignited slag, is about a 600th part 
of its weight; consequently it is to the weight of an equal volume of air, as to I, 
whilch is not credible. So great is the tenuity of fire, that we can hardly allow our- 
selves to think that its specific gravity approaches even near to that of air. 

But it must be ob^erved, that in an ignited mass brought to a white heat, a large 
quantity of fire is accumulated the weight therefore of fire, in its ordinary state, 
and in bodies heated to the mean temperature of our atmosphere, may be utterly 
insensible; but when five or six hundred times, or more than that quantity, has 
been accumulated, and to such a degree as to produce ignition, its gravity may then 
become sensible. Let us suppose, for example, that the fire diffused throughout air, 
heated to 1 degree of the thermometer, weighs only the 300th part of the weight of 
that air ; when five or six hundred parts more have been introduced into it, to pro- 
duce ignition, its weight may then equal, and even surpass, the weight of such air as 
we breathe. We do not know whether this would have been Buffon’s answer; but 
such, in our opinion, is that which might be given. 

Those persons however aie mistaken, who consider the increase of weight which 
metals acquire by calcination, as a proof of the heaviness of fire, wliich by this ope- 
ration they suppose to become fixed, and in some measure solidified along with 
the ^netallic calces. It is now known that fire has no part in this augmentation of 
weight. 

Fve dilates bodies : by dilating them, it separates their constituent parts, and at 
length liquefies them. This phenomenon, in regard to the effect, is well known. 
That fire dilates bodies, is well known, as will be shewn hereafter by means of a 
very ingenious machine, which serves to determine the degree and ratio of this 
dilatation. But it cannot produce this effect without separating the consti- 
tuent parts of these bodies ; and this is the mechanism by which it is afterwards 
able to liquefy, and even to volatilize them ; for the solidity of a body is the effect of 
the mutual adhesion of its constituent parts ; an adhesion which, in all probability, is 
produced by the contact of these moleciilae in large surfaces. But when fire, intro- 
duced between them, produces a separation, and causes them scarcely to touch each 
other, the bod has then attained to such an extreme degree of fluidity, as to be vo- 
latilized. 

These particles, having no longer any adhesion, can be carried away by the least 
effort, such as that of beat, which continually exercises an action to extend itself in 
every direction. 

There are some bodies, however, which fire at first tends to contract : but this is 
because they contain principles which the fire dissipates ; of this kind is clay, which 
at first shrinks in the fire ; but, if exposed to a greater degree of beat, it dilates, 
liquefies, and is changed into glass. 


II.— 0/i4ir. 

Air is rin elastic, heavy fluid, susceptible of compression ; which expands by heat. 



OF AIJU 


«nd eontrscti by cold. It is noeecsary for maintaining life to all tbe animals wilb 
which we are acquainted ; it becomes charged with^ and combines with, water, as 
water combines with it. Such are the principal properties of air, of which we shall 
here give a general view, and which we shall prove hereafter by some curious experi- 
ments. 

Ait is a heatty fluid. To discover this property in air, and to prove its existence, 
requires only a slight knowledge of philosophy. It may be demonstrated by a very 
simple experiment. Take a glass globe, 6 inches in diameter, furnished with a tube 
that can be opened and shut by a stop>cock ; exhaust it of air by means of a pneumatic 
machine, and then shut it, so as to exclude the external air; weigh tbe globe thus 
exhausted of air by a very nice balance ; if you then admit the external air, by turn- 
ing the cock, tbe equilibrium will be immediately destroyed, and that end of the 
balance which supports the globe will preponderate. For a globe of the size 
above mentioned, 45 or 50 grains must be added to the weight, to restore the equi* 
librium. 

Air is an elastic fluid. This may be proved by the following very simple experi- 
ment. Introduce air into a bladder, but in such a manner as not entirely to fill it. 
If the bladder be then carried, in that state, to the summit of a mountain, it will 
he more and more distended ; and by carrying it to the top of a very high mountain, 
such as the Cordilleras of Peru, it might be made to distend so much as to 
burst. 

The same effect will be produced if the bladder be placed under the receiver of an 
air-pump. For if the receiver be then exhausted of air, on the first stroke 
of the piston, the bladder will swell out, even if it contains only an inch of air; 
and when the external air is suffered to re-enter the receiver, it will resume its 
former state. 

There can be no doubt that this effect is produced by the elastic force of the air ; 
which, when the pressure of the external air is removed, increases in volume ; and 
when the pressure is restored, it assumes its former state. It is like a spring, more 
or less compressed by a weight, and which extends itself in a greater or less degree, 
as the weight is heavier or lighter. 

Air is a fluid susceptible of compression. This is a consequence of its elasticity. 

It is proved, by experience, that a double weight compresses it in such a manner 
as to occupy only one half of its former volume ; a quadruple weight reduces it to a 
fourth part of that volume, and so on. So that it may be said in general that the 
same mass of air, the temperature remaining tbe same, occupies a volume which is 
in the inverse ratio of the compressing weight. 

Air expands by heat, and contracts by cold. This property of air may be proved 
also by a very simple experiment. In an apartment, brought to a mean degree 
of heat, introduce air into a bladder, but in such a manner as not entirely to fill it. 
If it be then brought near the fire, so as to be exposed to a degree of heat greater 
than the mean temperature, we see the bladder distend, and occupy a larger volume. 
By exposing it to colder air, a contrary effect is produced. 

Air is necessary for maintaining animal life. This truth is well known. It may 
be proved in the most evident manner, by shutting up animals in the receiver of an 
air-pump : for as soon as you begin to exhaust it of air, the animals shew every 
sign of uneasiness ; they pant for breath, and at length expire, when only a small 
quantity of air remains. If the air he gradually rc-admitted, before they are quite 
dead, they recover life and motion. 

Air becomes charged with water, and combines with it ; as water, on the other hand, 
becomes charged and combines with air. Tbe first part of this proposition is suffi. 
cicntly proved by facts, with which every one is acquainted. Air is sometimes more 
and sometimes less humid. Air charged with moisture deposits it in ceiiair. bodies, 
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capable of attracting and absorbing it in a great degree ; siicb as salt of tartar, wbich 
becomes so much impregnated with it, that it resolves itself into a liquid, merely 
by the contact of comnoon air, though it has been dried by a violent heat. It is 
water, disengaged from the air with which it was combined, that occasions the 
moisture which deposits itself on stones, marble, &c., and during weather distin- 
guished by the appellation of The contact of the air alone gradually dimi- 

nishes the water contained in any vessel, especially if the air be in motion ; because 
a new portion of air is every moment applied to the surfiice of the water. It is by 
this mechanism that those winds which have passed over a large extent of sea, as is 
the case with our west and south-west winds, become charged with water, and are 
mostly attended with rain. 

Water, in its turn, becomes charged with air. This is proved by a curious expe- 
riment, made by Mariotte. Take a certain quantity of water, and having freed it 
as much as possible from air, put it into a small bottle, leaving no vacuity in it but 
a space of the size of a pea ; at the end of twenty-four hours the water will occupy 
the whole capacity of the bottle. What can have become of the air, which was 
in the vacuity, if it has not been absorbed by the water, wbich was in contact 
with it? 

This property, which air has of combining with water, of even becoming salu- 
rated with it, and of afterwards quitting it, is the cause of various physical effects, 
such as the production of clouds and rain, the rising or falling of the barome- 
ter, But these phenomena we shall explain more at length in another place. 

III.— O/ Water. 

The principal properties of this common and well-known fluid are as follows ; it 
is transparent, insipid, and inodorous , it always tends to put itself in equilibrio, 
that is, to assume a form the surface of which is concentric with the earth, a pro- 
perty it possesses in common with all the other heavy and noTi-ela^tic fluids ; it is 
incompressible ; can be reduced to vapour by heat, carried to a ceitain degree, and 
in that state is endowed with a very great elastic force. When expo».ed to a certain 
degree of cold, it is triinsformed into a solid and transparent body : it dissolves salts, 
and a multitude of other substances ; and by these means it becomes the vehicle of the 
nourishing particles both of animals and vegetables, which renders it so essentially 
necessary in the animal economy, that it is in some measure more difficult to live 
without water, or without some fluid of which it forms the basis, tlmn without solid 
aliment. 

Such are the properties of water, of which we shall here give a few proofs, till 
we come to another part of this work, where vve shall have an opportunity of en- 
larging farther on the same subject. 

It is needless to adduce any proof that water is transparent, inodorous, and insipid. 
When this fluid possesses either taste or smell, it is because it holds in solution some 
foreign bodies. People ought therefore to be suspicious of water which is said to be 
agreeable to the taste, as it is certain that it is not pure. 

Water always arranges itself in such a form that its surface is ronceHHHitnMiith the 
earth. Every body is acquainted with this property of water, which it possesses in 
common with all the other non-elastic fluids, and which is the basis of the art of level- 
ling. When two masses of water communicate with each other we may rest assured 
that their surfaces are level, or at an equal dUt^nce from the centre of the earth. 
Those persons then are mistaken, who believe that the water of the Mediterranean 
U more or less elevated than that of the Red Sea, at the bottom of the Gulf of 
Suez, which, as is said, caused the plan for cutting through the isthmus to be aban- 
doned, lest the Mediterranean should run into the Red Sco, or the latter into the 
former. T>lotUiTig can be more absurd, since these two seas have a communication 
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with each other by the ocean. Had they been originally created on a different level, 
they would not have failed soon to assume the same level. 

Water is incompressible. The members of the Academy del CimentOt the first 
who it appears ad^ted the true method of philosophizing* namely, by subjecting 
every thing to the test of cxpeiiments, made a very curious one, which proves this pro- 
perty of water. They inclosed a quantity of water in a hollow ball of gold, of a cer- 
tain considerable thickness, taking care to ascertain that the cavity was completely 
filled ; they then subjected the ball to the blows of a hammer, by which means its 
capacity was diminished ; but the water, instead of suffering itself to be com- 
pressed, passed through the pores of the gold, though exceedingly small. This 
experiment was repeated by Mr. Boyle and by Muschenbroeck, who both attest the 
truth of it. 

Water by a certain degr ee of heat is reduced into highly elastic vapour. This truth 
may be proved also by very simple experiments. If a small quantity of water be 
thrown upon a strong fire, you will immediately see it transformed into vapour. 

If water be kept in a state of violent ebullition in a close vessel, there arises from it 
an elastic vapour of so great force, that unless a vent be opened for it, or if the 
vessel be not sufficiently strong to resist its action, it will undoubtedly burst : 
for this reason, in the boiler of the steam-engine there is a valve, which must be 
opened when the steam has acquirc<^a certain force, otherwise it would be shivered to 
pieces. 

This vapour, according to the calculations made by philosophers, occupies a space 
14000 times greater than the watei w'hich produced it. Hence arises the prodigious 
force it acquires, when confined in a much less space. 

Watert when exposed to a certain degree of cold, is transformed into a solid travs^ 
patent body, which we call tee. This fact is so well known, that it is needless to 
piove it. We shall therefore confine ourselves to an explanation of this singular 
effect. 

It is fully proved, by the formation of ice, that the primitive state of w’ater was 
that of a solid body. It is a solid fused by a degree of heat far below that which, 
according to our sensations, we call temperate; for it would be a strange erior to 
imagine, that what we call zeio of the thermometer, is the absence of all heat. Since 
spirit of wine, and various other liquors, remain fluid at degrees of cold much greater 
than that which freezes water, it is evident that the degree called zero, which is 
marked 0, is merely a relative term, the commencement of the division. 

Watei tb Jii is only a liquefied solid, which keeps itself in a liqiiid^statc at a degree 
of heat very little more than that marked 0, on our common thermometers, and which 
in that of Fahrenheit is marked 3*2. The reason of this we shall explain when we 
come to speak of thermometers. 

Let us now take a short view of water in its solid state. When heated to a certain 
degree, the matter of fire, with which it is then iropiegnaled, raises up and separates 
from each other the molcculae of which it is composed ; for as these moleculas do no 
longer touch each other by so large surfaces, though still within the limits of adhesion, 
they easily run one o.ver the other. Thus we have ice brought to a state of fusion, 
as lead is by a heat of 226 degrees. The mutter of fire escapes to diffuse itself in 
equilibrium in other bodies, which have Jess, for it is in this manner that coo.liiig is 
effected ; these molecultc approach each other ; they come in contact by the small 
facets which they leciprocally present, thus adhere and form a solid body. What is 
here said, in regard to the small facets of the particles of water, seems to be proved 
by the ramifications of ice, for these ramifications, both in ice and in snow, are always 
formed under angles of 60 or 120 degrees; which indicates planes uniformly inclined. 
We shall enlarge further, in another place* on this phenomenon, which depends on 
crystallization. 
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It would be ridiculous, at present, to explain tbe formation of ice by tbe supposed 
frigori6c particles, tbe existence of which seems to rest on no foundation. Water 
freezes at a degree of heat which can no longer keep it in fusion : for the same reason, 
and by tbe same mechanism, that lead becomes fixed at a degree of beat less than 
226 of Reaumur. But the same philosophers who, to explain the congelation of water, 
have recourse to tbe frigorific particles diffused throughout the atmosphere, do not 
recur to them in the present case : they well know that the fixation of lead arises 
only from the particles, which the fire does not keep sufficiently separated, approach- 
ing each other. Why then should we recur to any thing else in regard to the con- 
gelation of water ? 

It is indeed true, that in tbe congelation of water there is one phenomenon exceed- 
ingly singular, which is, that water decreases in volume in proportion as it cools, at 
least to a certain degree ; but at the moment when ice is formed, this volume increases 
very sensibly ; hence the philosophers above mentioned conclude, that some foreign 
matters, or their supposed frigorific particles, have been introduced into it. But we 
shall observe, 1st. That the case is the same with iron. 2d. That this is the effect 
of crystallization ; for we must here repeat, that the congelation of water is merely a 
crystallization, by which its moleculae assume an arrangement which is determined by 
their primitive form. But this arrangement cannot be effected without producing an 
increase of volume, as happens in regard to iron n^hen it becomes fixed, or loses its 
fluidity, merely by the diminution of heat, which kept it in fusion. This will become 
more evident when we have explained the phenomena of crystallization. 

Water dissolves salts and a variety of other substances Every one knows that all 

■aline bodies, whether acids, alkalis, or neutral salts, are soluble in water, in a greater 
or less quantity ; and a very singular phenomenon in this respect is, that water which 
holds in solution as much of a certain salt as it can contain, will still dissolve some 
other salt. But, for the most part, it abandons one of them when it becomes charged 
with the other, if it has a greater affinity for the latter. 

Of the other substances, which water dissolves, we shall mention in particular the 
gummy or mucilaginous part of animals or vegetables, which forms the nourishment 
of the former. It is in consequence of this property, that water is so useful to the 
animal economy; for the nutritive part of aliment must be dissolved and diluted in 
water, or some other fluid of the same kind, before it is swallowed, or this solution 
must be effected in tbe stomach after deglutition. Hence it is that water, in some 
measure, is tbe first aliment of man and of animals. It is not an aliment itself, but 
it is the vehicle of every thing that serves as aliment. 

Finally, water is the base of all the other aqueous fluids, such as spirits, oils, &c. ; 
for water may be extracted from all of them by a very simple process, namely dis- 
tillation. Combustion produces the same effect by disengaging the matter purely 
aqueous 


IV.~0/ Earths. 

Earth is that part of compound bodies, which remains fixed after they are analyzed. 
When by the action of fire, we have consumed or raised in exhalations the inflammable 
part, have expelled or driven the air into the atmosphere, have raised the water in 
vapours, there remains a solid and fixed body, not farther alterable by fire, that 
is the elementary earth, the different kinds of which it is that commonly constitutes 
tbe nature of the mixture. 

It must indeed be acknowledged, at least till we arrive at a decomposition beyond 
that of the fixed body, that this elementary earth is not all of the same kind ; con- 
trary to which, it is found that all water, all respirable air, is homogeneous : for where, 
by calcination, for instance, we have reduced a metal to calx, which is vitritiablc, 
tl^t calx or earth is not necessarily homogeneous, neither to another metallic calx. 
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nor to caput mortuum, or to the earth of another body, as the calx of stone, or the 
earth of any vegetables or animal calces. The proof of this is simple ; for metallic 
calx being revivified by the addition of phlogiston, produces only the same metal 
which had given the calx ; and, by whatever way we proceed, the earth of any other 
compound will not yield a metal, however we may combine it. This property of 
metallic calx, is the basis of the art of separating the metals from the earths and 
stones with which they are mineralized ; for as soon as their calces, vitrified by the 
violence of fire, comes in contact with the carbonic matter, those of metals regain 
their metallic form, and disengage themselves by their weight from the vitrified calces 
of the other heterogeneous bodies with which they were confounded. 

It has been usual to distinguish earths into calcareous, vitrifiablc, and refractory. 
Calcareous earths are those which, burned in the fire, reduce into a calx. The pro- 
perties of this calx are well known, the principal characteristic of which is that of 
attracting and absorbing moisture violently, and of effervescing with water. But it 
is not necessary to subject them to that test to know them : they are easily distin- 
guished by exposing them to the action of any gentle acid. Calcareous earths dis- 
solve with more or less effervescence ; whereas other earths suffer no dissolution. 

Yitritiable earths are those which, exposed to a fire more or less active, suffer a 
fusion, and become more or less fluid. 

The refractory earths, are those on which the most violent heat excited in our fur- 
naces produces no effect or alteration. 

We say the most violent heat excited in our furnaces ; for perhaps, if all the earths 
are not found to be vitrifiablc, this happens only because we have not been able to 
produce a sufficient degree of heat. In fact, in proportion as we have succeeded in 
producing more considerable degrees of beat, we also are able to vitrify materials 
which had resisted the former degrees of fire. But it is a remarkable circumstance 
that some earths which separately are unfusiblc, on being mixed together become 
fusible and vitrifiablc. Thus, for example, calcareous eaith, mixed with argil, runs 
and becomes glass. Usually, metallic matters, mixed either with calcareous earths, 
or with refractory, as pure argil, communicate to them also fusibility, which these 
have not separately. 

We shall limit ourselves here as to what might be said concerning the elements; 
what has been now said being the most solid and best proved part of the subject. 
We shall now pass on successively through all the brunches of physics, in selecting 
w'hat they offer the most curious and interesting. W e have already said we shall hardly 
regard much order in these observations : from the bowels of the earth we shall some- 
times suddenly raise ourselves to the upper regions of the atmosphere; from a 
problem in the celestial physics, we shall pass to a question in mineralogy. We 
shall treat apart on electricity, on magnetism, and on chemistry, because these branches 
of philosophy are extremely fertile in curious experiments, and present each of them 
materials enough for separate treatises. 

PROBLEM I. 

Construction of the Pneumatic Machinet or Air-Pump^ with an account of the prin~ 
cipal experiments in which it is employed. 

Air being an elastic fluid, it may be easily conceived that if it be shut up in a 
close vessel, and if to this vessel be adapted a pump, made to conununicate with it, 
when the piston is drawn up the air contained in the vessel will enter the body 
of the pump. If the communication between the vessel and the body of the pump, 
be then intercepted, and if that between the latter and the external air be opened, 
by pushing down the piston, the air contained in the body of the pump will be ex- 
pelled. If the communication between the body of the pump and the external air 
be then shut, and that between the body of the vessel be opened, when the piston 
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is drawn up, the air in ibe vessel will again rush into the body of the pump ; and 
by thus repeating the same operation as before, the whole air contained in the vessel 
will be evacuated. If the body of the pump be equal, for example, to the capacity 
of the vessel with which it communicates, the first operation will reduce the air 
to one half of its density; the second to the half of t^i half, or to a fourth, and 
so on in succession : hence a very few strokes of the piston will reduce the air con* 
tained in the vessel to a very great degree of tenuity. 

Such is the mechanism of the air-pump, of which the fol- 
^ 9 * lowing is a more minute description, a b (Fig. 1.) is a cylin- 

dric pump or barrel, in which the piston i> is made to play by 
means of the branch or handle d c, having at its extremity a 
stirrup for receiving the foot, by means of which it can be 
forced downwaids. The body of the pump is fi^^ed into a 
collar, from which proceed three or four branches that form h 
sort of stand. From the top of the pump a tht.e H*’i8c« a 
tube, about an inch in diameter, to the upper part ot v ‘n--’ 
is adapted a circular plate, with a small raiseo border, or rim 
around it. On this plate is placed the receive' in fl'** form 
of a bell. The small tube above mentioi.cd, which serv'’" to 
establish a communication between the vessel and the body 
of the pump, generally passes through this plate, and has a 
screw at the end, in order that the tube of aijother vessel, 
such as a bell or small balloon, from which it is required 1 
evacuate the air, may be screwed ujton it. Beneath the plate, 
and between it and the body of the pump, is a stop-cock i, so constructed that, by 
turning it to one side, a communication is established between the body of the pump 
and the receiver, while all communication is prevented between it and the exterior 
air; and by turning it in a contrary direction a pontriiry efiect is produced. Such is 
the form of the pneumatic machine ; at least of certain simple kinds of it, for there 
are others more complex. One kind, for example, consists of two cylindeis, the 
pistons of which are alternately worked by means of a crank ; so that one of them 
'always becomes filled with air from the receiver, while the other throws out into 
the atmosphere the air it contained. But it is need]eB> to entei into these details : 
those who are desiiousof seeing the newest improvements in regard to air-pumps, 
may have recourse to the different treatises on natural philosophy, where they will 
find a description and figures of the different additions made to this machine by 
mechanics and philosophers, to render the use of it more convenient or more 
general. 

By combining this description with what has been said in regard to the air, it will 
he easy to conceive in what manner this machine is employed. When a bell-formed 
receiver is used, a piece of oiled leather, with a hole in the middle of it, to afford a 
passage to the tube h, is sometimes placed on the plate f o. This wet leather causes 
the contact of the edges of the receiver to be more exact, than if it resteu on metal ; 
for some aperture or deft would often remain, through which the exterior air would 
introduce itself. The receiver is then placed upon the plutc, with or without the 
leather, and the cock is turned in such a manner as to open a communication be- 
tv^een the body of the pump and the receiver. The piston, which we suppose 
raised up to the "top, is then forced down by pressing the foot on the stirrup, and 
when it is as low as possible, the cock is turned in such a manner as to intercept the 
first communication, and establish that between the body of the pump and the 
exterior air ; the piston being then raised, the air in the body of the pump is ex- 
pelled, and the cock is turned in the contrary direction which shuts the second com- 
munication, and opens the former ; the piston is then forced down again, and the 
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same effect takes place. Or the pump is otherwise worked in the manner peculiar 
to its form and construction. Every stroke of the pump expels a portion of the air 
originally contained in the receiver, and in a decreasing geometrical progression. 
Thus, for example, if the body of the pump is equal in capacity to the receiver, the 
first stroke of the piston will expel one half of the air contained in the receiver; 
the second will expel the fourth part ; the third the eighth part ; the fourth the 
sixteenth part, &c. ; so that it may with truth be said that it can never be entirely 
evacuated ; but after fourteen or fifteen strokes of the piston it will be so rarefied, 
that there will remain only a part infinitely small ; for, on the above supposition, 
the quantity of air remaining after the first stroke of the piston will be after 
the second aftei the third and so on; after the fifteenth then it will be only 
the 3276Hth part, which in general is equivalent to a perfect vacuum, for experi> 
mcnts such n those that are usually made. 

After these observations on the form and use of the pneumatic machine, we 
ohall proceed to a few of the most curious experiments. 

Experiment 1. 

Place on the plate of the machine a receiver in the form of a bell ; if you try to 
remove it you will experience no resistance ; but if you give only one stroke with 
the piston, it will auhore to the plate with considerable foice : after 2, 3, or 4, it will 
adheie with moie force; and after 18 or 20, with the force of several hundred 
poiii.ds weight. If the base of the receiver be, for example, a circle a foot in dia- 
meter, the adhesive force will be about 1617 pounds. 

This experiment is a proof of the gravity of the air of the atmosphere ; for the 
air is the only body which, by pressing on the receiver, can produce the adhesion 
experienced. When the air under the receiver is as dense as the external air, there 
is no adhesion, the air within and without being then in equilibrio with each other ; 
but when that within is evacuated, <‘ither in whole or in part, the equilibrium is de- 
stroyed, and the external compresses the reetdver against the plate on which it rests, 
with the excess of the weight it has over the force of the internal air. It will be 
found that this force is equal to that of a cylinder ofwater 33 feet in height, and having 
a base equal to that of the receiver. It was by these means that we found the result 
of 1617 pounds; for a cylindric foot of water weighs 49 pounds; consequently 33 feet 
weighs 1617.* 

Experiment 2. 

Place under a receiver an apple, much shrivelled, or a very flaccid bladder, in 
which there remains but a small quantity of air. If the receiver be then exhausted, 
you will see the skin of the apple become distended, so that it will assume almost the 
same form, and have as fresh an appearance, us it had when plucked from the tree. The 
bladder will, in like manner, swell up, and may even be distended to such a degree as 
to burst. When the air is re-admitted into the receiver, they will both resume their 
former contracted state. 

We have here an evident proof of the elasticity of the air. While the wrinkled 
apple or flaccid bladder is immersed in atmospheric air, its weight counteracts the 
clastic force of the air contained in both ; but when the latter is freed from the 
weight of the foimer, its elasticity begins to act, and by these means it distends the 
sides of the vessel which contains it. When the air is re-admitted, the elasticity is 
counteracted as before, and the apple and bladder resume their former shape. 

Experiment 3. 

Place under the receiver a small animal, such as a cat, or a mouse, &c. If you then 
pump out the air, you will immediately see the animal become troubled, swell up, and 
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•i toiiglli expir«» distended and foaming at the mouth. These phenomena are the 
eA»et of the air contained in the animal’s body, which being no longer oompreased by 
the eitemal air» exercising its elasticity, it distends the membranes, and throws out 
the humours which it meets with in its way. 

Experiment 4. 

If butterflies or common flies be placed under the receiver, you will see them 
fly about as long as the air contained in the machine is similar to the external 
air ; but as soon as you have given a few strokes with the piston, they will in vain 
make efforts to rise, as the air has become too much rarefied to support them. 

Experiment 5, 

Adapt to a flat bottle a small tube, so constructed that it can be screwed upon the 
end of the tube, which rises above the plate of the machine. On the second or even 
the first stroke of the piston, you will see the bottle burst; for this reason it ought 
to be covered with a piece of wire netting, to prevent the fragnienthof it from doing 
mischief by flying about. 

The same effect is not produced on a receiver, because its sphcpcal form gives it 
strength, in the same manner as an arch, to resist the pressure of th*' exterior air. 

Experiment 6. 

Provide a small machine consisting of a bell and hammer, the latter of which 
can be put in motion by wheel work, so as to strike the bell and make it sound. 
Wind up this small machine, and having put it in motion, place it below the re- 
ceiver and exhaust the air. As the air is exhausted you will hear the sound of 
the bell always become weaker ; and if you continue to exhaust the air, the sound 
w'lll at length cease entirely, or be scarcely beard. On the other hand, if you 
begin to re-admit the air, the sound will be revived, and will increase more and 
more. 

This experiment, which we have mentioned in another place, fully proves that 
air is absolutely necessary for the transmission of sound, and that it is the vehicle 
of it. 

Experiment 7. 

Provide a receiver with a hole in the top, and through this aperture introduce 
the tube of a barometer, so that the bulb shall be in the inside of the receiver : 
then close the remaining aperture with mastic, or with a metal plate, so as to 
exclude the external air. Place the receiver thus prepared on the plate of the instru- 
ment, and begin to exhaust it of air. On the first stroke of the piston you will see 
the mercury fall considerably : a second stroke will make it still fall, but a quantity 
less than the former ; and so on in a decreasing proportion. In short, as the air in 
the receiver becomes less, the mercury will descend more and more towards the 
level of that in its bason. 


Experiment 8. 

Provide two hollow hemispheres of brass or copper, two feet in diameter, more 
or less, with very smooth edges, so that they can be fitted to each other in such 
a manner as to form a hollow globe. To one of these hemispheres let there be 
adapted a tube passing into the inside of it, furnished with a stop-cock, and con« 
structed in such a manner that it can be screwed on the end of the tube u of the 
pneumatic machine. Each of these hemispheres roust have affixed to it a ring, or 
handle, by one of which the globe can be suspended, while a weight is attached to 
the other. 
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When these arrangements are made, adapt the two concave hemispheres to 
each other, so that the edges may be in perfect contact. Screw upon the end of 
the tube H of the pneumatic machine, the end of that which communicates with 
the inside of the globe, and exhaust it of air as much as possible, by forty, fifty, or 
more strokes of the piston. Then shut the communication between the inside of the 
globe and the external air, by turning the stop-cock, and remove the globe from the 
machine. If you then suspend the globe by one of the rings, and attach a consider- 
able weight to the other, you will find that the weight will not be able to separate 
the two hemispheres. If the globe indeed be two feet in diameter, and well ex- 
hausted of air, the force with which the edges are pressed together will be equal to 
about G500 pounds. 

This is what is called the celebrated experiment of Magdeburgh, because first made 
by Otto Ouerik, a burgomaster of that town. He applied to the globe several pairs 
of horses, some dragging in one direction and some in another, without their being 
able to separate the two hemispheres: and in this there is nothing astonishing, for 
though six horses draw a waggon, loaded with a weight equal to several thousand 
pounds, it is well known that, one with another, they do not exert a continued effort 
greater than about 180 pounds, and, dragging by jerks, their exertion does not exceed 
perhaps 4 or 500 pounds. The effort of six horses, therefore, is equal to no more 
than 3000 pounds. We shall even suppose it to be 4 or 5000 pounds ; but if the six 
horses draw in dilferent directions, they do not double that force ; they only oppose 
to the first Ihc resistance necessary to make it act, and do nothing more than what 
would he done by a fixed obstacle to which the globe might be attached. It needs 
therefore excite no surpiisc that, in the experiment of Magdeburgh, twelve horses 
were not able to disjoin the hemispheres ; for according to this disposition, these 
twelve horses were equivalent only to six ; and it has been shewn that the effort of 
these six horses, according to the above calculation, was very inferior to that which 
they had to overcome. 

PROBLEM n. 

To invert a glass full of water, without spilling it. 

Pour water or any liquor into a glass, till it is full to tlie edge, and place over it a 
square bit of pretty stioiig paper, so as to cover the mouth of it entirely; and above 
the p«per place any smooth body, such as the bottom of a plate, or a piece of glass, 
or even your hand. If you then invert the whole, and afterwards raise it up, you 
will see the paper adhere to the glass, and the water will not fall out. 

This effect is produced by the gravity of the air, for as the air presses on the paper, 
which covers the mouth of the glass, with a weight superior to that of the water, it 
must necessarily support it. J3ut as the paper becomes moist, and affords a passage 
to the air, it at length suddenly fulls down. 

jRemark . — In conseciucncc of the same principle, water or any other liquor may be 
Fig. 2. ** vesst'l, by means of a pipe open at both ends. For, let 

A n, (Fig. 2.), be a tube, thick in the middle, and tapering towards both 
ends, which terminate in two pretty narrow apei tines. Immerse in 
yi any liquoi with both ends open until it is full ; and then place your finger 
I liB on the upper end, so as to close the aperture ; if you then draw it from the 

I |||f fluid, the liquoi it contains will remain suspended in it, though the lower 

W end be open ; and it will not flow out till you remove your finger from the 
Ub upper orifice. 

Instead of employing a tube like that above described, you may use a 
vessel, such as a b, CFig. 3.), made like a bottle, and having its bottom pierced 
with a great number of small holes. If you immerse this vessel in water with the 
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are (It'sirons of decfiving, tli it is to say in such a manner as 
to muko him appl) his lips to tlu* Mile h, the aumiiiit ot (he 
j.\phon, the iiirlination ot the ' cpiorwill cause it to rise above 
that huminit, and it will imni»*iliately escape at c. Those 
persons however who are acq Minted with the artifice will 
apply their lips to the other sidt , and not meet w'ith the same 
disappointment. 


PROULEM VI. 

Method of conMtructtng a /otin/arn. w/neh flowK and stops alternately. 

This fountain, the invention of M. Shermius, is exceedingly ingenious, and affords 
a very amusing spectaele, because it seems to flow and stop 
at command. It depends on the operation of a syplion, 
which, by the peculiar mechanism of this machine, is some- 
times obstructed and sometimes left free, as will appear by the 
following description. 

AB (Fig. 8.) is a vessel shaped like a dram, and close on 
all sides, except a hole in the middle of the bottom f, into 
which is soldered a tube c d, open at both its extremities, c 
and r > ; but the upper one c ought not to touch the top of the 
cylinder, in order that the water may have a free passage. 
When this vessel is to be filled, it must he inverted, and the 
water is then introduced through the aperture d, till it is 
nearly full. 

From the centre of the bottom of a cylindric vessel o h, somewhat larger, ri«CR a 
tube D E, a little narrower, so that it can be fitted exactly into the former. Its 
height also ought to be somewhat less ; and its summit e must be open. These two 
tubes, c D and e d, have two corresponding holes, i, i, at an equal height above the 
bottom of the lower vessel, so that when the one tube is inserted into the other, the 
holes may be made to correspond, and establish a communication between the exter- 
nal air and that in the upper vessel. Lastly, there must be two or four holes, as k l, 
in the bottom of the vessel A B, through which the water may flow into the lower 
vessel o H ; and in this vessel also there ought to be one or two holes, m n, of a 
smaller size, through which the water may escape into another large vessel placed 
below the whole apparatus 

To make the machine play, pour water into the vessel a b, till it is almost entirely 
full ; having then stopped the pipe® K and l, introduce the tube i) e into r D, so that 
the vessel a ii shall serve as a base, and make the two boles i and t correspond with each 
other ; if the holes or pipes k and L be then unstopped, as the external air will have 
a communication, by the apertures i, i, w’ith that which is above the water in the 
vessel A B, the water W'ill flow readily into the vessel g if : but the quantity which 
escapes from g h being h'ss than that which falls from the upper vessel A n, it will 
soon rise above the apeitures i, i, and intercept the communication between the 
external air and at that of vessel a b ; consequently the wMter will soon after cease 
to flow. But as the water will continue to flow from the lower vessel, while no 
more falls into it from the upper one, the apertures i, i, will soon be uncovered, and 
the above communication will be re-established ; the water therefore will again begin 
to flow through the pipes k and i., and, rising above the apertures i, i, will soon 
after begin to escape again ; and this play will take place alternately, till np more 
water is left in the vessel A B. 

The time when the air is about to be introduced through the apertures, i, i, into 
the top of the vessel a n, will be known by a small gurgling noise ; and at that 
moment you must command the fountain to flow. When yon see the water begin to 
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rj«L‘ a))ove the same apertures i, i, you must command it to stop. Hence the name 
given to this machine, the fountain of command, 

PROBLEM VII. 

How to construct a clepsydra^ which indicates the hours by the uniform efflux of water. 

We have shewn, in the Mechanics, that if a vessel has a hole in its bottom, the 
water flows out faster at first than it does afterwards, so that if we wished to employ 
the efflux of water to indicate the hours, as the ancients did, it would be necessary 
to make the divisions very unequal; because, if the whole height were divided into 
144 equal parts, the highest, if the vessel were cylindrical, ought to contain 23, the 
second 21, &c., and the last only 1. 

Are there any means then of causing the water to flow off in a uniform manner ? 
This is a problem which naturally presents itself in consequence of the preceding 
observation. We have already solved it in Mechanics, by shewing what form ought 
to be given to the vessel, that the efflux of the water through a hole in its bottom 
may be uniform. But we shall here give a more perfect solution, as it is equally 
exact whatever may be the law of the retardation of the water. 

This solution is founded on the property of the syphon, and is very old, since it 
was described by Hero of Alexandria. It is as follows. 

Provide a syphon a n c (Fig. 9.) and affix to the shorter 
branch a B a piece of cork, capable of keeping the whole 
syphon in a vertical situation, as seen in the figure. When 
this apparatus is made to play, and the water begins to flow off 
through the longer branch, it will continue to escape with the 
same velocity, whatever may be the height of the water : for, 
ill this machine, the efflux takes place in consequence of the 
inequality of the force with which the atmospheie presses on 
the surface of the liquid, and on the orifice of the longer 
branch ; since the syphon then sinks down as the surface of the 
liquid falls, it is evident that the velocity of its efflux will be 
uiiifonn. 

If the height of the vessel D e be therefore divided into equal parts, these divi- 
sions will indicate equal intervals of time. To render this clepsydra more curious, 
the branch a b might be concealed by a small light figure made to float on the 
surface of the water iii the vcbscl, and indicating the hour with a rod, or its finger, on 
a small diaUplate. 

Oil the other hand, the water might be made to flow from any vessel whatever, 
through a similar syphon, into another vessel of a prismatic or cyliiidric form, from 
which might arise a small figure floating on the water, to indicate the hour as above 
described. 



PROBLEM vm. 

What is the greatest height to which the Tower of Babel could have been raised, before 
the materials carried to the summit lost all their gravity. 

To answer this mathematical pleasantry, which belongs as much to the physical part 
of astronomy as to mechanics, we must observe : 

Ist. That the gravity of bodies decreases in the inverse ratio of the square of their 
distance from the centre of the earth, A body, for example, raised to the distance of 
a semi-diameter of the eaith above its surface, being then at the distance of twice the 
radius, will weigh only \ of what it weighed at the surface. 

2d. If we suppose that this body partakes with the rest of the earth in the ro- 
tary motion which it has around its axis, this gravity will be still diminished by the 
centrifugal force ; which on the supposition that unequal circles are described in the 
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tame .time, Mrill be at their radii. Hence at a double distance from the earth this 
force will be double* and will deduct twice as much from the gravity at at the surface 
of the earth. But it hat been found* that under the equator the centrifugal force 
lessens the natural gravity of bodies g|gtb part. 

3d. In all places, on either side of the equator* the centrifugal force being less, 
and acting against the gravity in an oblique direction, destroys a less portion, in the 
ratio of the square of the cosine of the latitude to the square of the radius. 

These things being premised, we may determine at what height above the surface 
of the earth a body, participating in its diurnal motion in any given latitude, ought 
to be to have no gravity. 

But it is found by analysis that under the equator, where the diminution of gravity 
at the surface of the earth, occasioned by the centrifugal force, is abou t 
required height, counting from the centre of the earth, ought to be ’>/289, or 6 
semi-diameters of our globe plus or 5 semi-diameters and above the surface. 

Under the latitude of 30 degrees, w'hich is nearly that of the plains of Mesopo- 
tamia, where the descendants of Noah first assembled, and vainly attempted, as we 
learn from the Scriptures, to raise a monument of their folly, it will be found that 
the height above the surface of the earth ought to have been 6^ semi-diameters 
of the earth. 

Under the latitude of 60 degrees, this height above the surface of the earth ought 
to have been 0^ semi -diameters of the earth. 

Under the pole this distance might be infinite ; because in that part of the earth 
there is no centrifugal force, since bodies at the pole only turn round themselves. 

PROBLEM IX. 

Jf wt suppose a hole bored to the centre of the earthy how long time would a heavy 
hall require to reach the centre^ neglecting the resistance of the air f 

As the diameter of the earth is about 7930 miles, the semi-diameter will be 3965 
miles, or 20935200 feet. If the acceleration were uniform, the solution of the 
prolilem would be attended with no difficulty; for nothing would be necessary 
but to say, according to Galileo’s rule. As 16^ feet are to 20935200 feet, so is the 
square of 1 second, which is the time employed by a heavy body in falling 16|j feet, 
to a fourth term, which will he the square of the number of seconds employed in 
falling 20935200 feet. But this fourth term will be found to be 1301940; and if we 
extract the square root of it, we shall have the required number, that is 1 140 seconds, 
or 19 minutes. Such, according to this hypothesis, would be the time employed by 
a heavy body in falling to the centre of the earth. 

But it is much more probable that a body, proceeding along the radius of the 
earth, would lose its gravity, as it approached the centre ; for at the centre it would 
have no gravity at all ; and it can be demonstrated, supposing the density of the earth 
to be uniform, and that attraction is in the inverse latio of the squares of the dis- 
tances* that the gravity would decrease in the same proportion as the distance from 
the centre. The problem therefore must be solved in another manner, founded on 
the following proposition demonstrated by Newton: 

If a quadrant be described with a radius equal to that of the earth, an arc which 
has 16^ feet for versed sine, will be to the quadrant, as 1 second employed to pass 
over in falling these 16^^ feet, is to the time employed to fall through the whole 
semi-diameter of the earth. 

But an arc of the earth corresponding to 16j^ feet of fall, or versed sine, is 4' 16'^ 
5"'; and this arc is to the quadrant, as 1 to 1265*2. Consequently we have this 
proportion, as 4' 16^' 5'" are to 90°, or as 1 to 1265*2, so is 1 second, employed in 
falling 16,^ feet at the surface of the earth, to 1265* 12 , or 21w 5* Titb. This will 
be the time employed by a heavy body in falling from the surface of the earth to tha 
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centre, according to the second supposition, which is more consistent with the 
principles of philosophy than the former. 

PROBLEM X, 

What would he the coneequencet should the moon be suddenly stopped in her circular 
motion ; and in what time would she fall to the earth f 

As the moon is maintained in the orbit which she describes around the earth, only 
by the effect of the centrifugal force which arises from her circular motion, and 
which counterbalances her gravitation towards the earth, it is evident that, if the 
circular motion were annihilated, the centrifugal force would be annihilated also ; 
the moon then would be abandoned to a tendency towards the earth, and would fall 
upon it with accelerated velocity. 

But this motion would not be accelerated according to the law discovered by 
Galileo ; for this law supposes that the force of gravity is uniform, or always the 
same. In the present case, the gravity of the moon towards the earth would vary, 
and be increased in the inverse ratio of the square of the distance, according as she 
approached the centre ; which renders the problem much more difficult. 

Newton however has taught us the method of solving it : this philosopher has 
shewn, that this time is equal to the half of that which the same planet would employ 
to make a revolution around the same central body, but at half her present distance 
from it. Now, it is well known that the lunar orbit is nearly a circle, the radius 
of which is equal to 60 semi-diameters of the earth, and her revolution is 27 days 7 
hours 43 minutes hence it is found, by the celebrated rule of Kepler, that if she 
were distant from the earth only 30 of its semi-diameters, she would employ in her 
revolution around it no more than 9 days 15 hours 51 minutes. Consequently her 
semi-revolution would be 4 days 19 hours 55^ minutes, which is therefore the time 
the moon would employ in fulling to the centre of the earth. 

Remark If we examine, by the same method, in what time each of the circum- 

soliir planets, under the like circumstances, would fall into the sun, it will be found 


that D. H. 

Mercury would fall in 15 13 

Venus 39 17 

The Earth 64 13 

Mars 121 10 

Ceres 297 6 

Pallas 301 4 

Juno 354 19 

Vesta 405 0 

Jupiter 765 19 

Saturn 1901 0 

Georgium Sidus.. 5425 Q 


PROBLEM XT. 

What would he the fravity of a body transported to the surface of the smw, or any 
other planet than the earth, in compatison of that which it has at the surface of our 
globe ? 

It can be demonstrated, to all those capable of comprehending the proofs, that the 

• We make the rerolution of the moon 27 days 7 hours 43 minutes, and not 2D days 12 hoars 44 
minutea ; for the revolution here meant, is from any pomt of the heavens to the same point aeain 
and not a synodical revolution, which is lonaer ; because when the moon has describeda comnlate 
circle. she has still to come up with the sun, which in the course of 27 days has advanced in 
pearance 27 degrees, or nearly. “ 
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gririty of a body at the surface of the earth, i.< nothiiif* else than the tendency of tl 
body towards every part of the earth ; the reiiult of wiiieh miipt be a compound 
denry pasainj^ through the centre, provided the earth bo a perfect globe, wliich 
here auppote. on account of the small difference U^tween its figure und tlmt ot"!^ 
aphere. It can be demonstrated also, that as attraction take* placi‘ in the direct 
ratio of the masses, and the inverae ratio of tho square of (he dUtaiice<», a partuL 
of matter placed on the surface of a sphere, which exercises on it a power of 
attraction, will tend towards it with the same force as if its whole mass were united 
in its centre. 

It thence follows, that if wc suppose two spheres, unequal both in their diameters 
and masses, the gravity of the particle on the one, will be to that of the wane particle 
on the other, in the compound ratio of their masses taken directly, and of the squares 
of their semi^diametert taken inversely. 

But it has been demonstrated by astronomical obsemtions, that the sun’s semi, 
diameter is equal to about 1 11 of the earth's semi^diameters, and that bis mass is to 
that of the earth, as d4]90B to 1 : the gravity then of a body at the surface of the 
sun will be to that of the same body at the surface of the earth, in the compound ratio 
of 341906 to 1, and of the inverse of the square of ill to 1, that is of 12321 to 1. 

If the number 341906 be therefore divided by 12321, we shall have 27} nearly ; ran. 
aeqnently a body of a pound weight, transported to the surface of the sun, would 
weigh 27} pounds. 

But we shall endeavour to illustrate this subject by a reasoning still simpler. If 
the whole mass of the sun, which is 34190B times as great as that of the earth, were 
compressed into a globe equal in size to the earth, the body in question, instead of 
weighing one pound, would weigh 341908. But as the surface of the sun is 1 1 1 times 
as far from his centre as that of the earth is from its centre, it tbcnce follows that tbe 
above weight must be diminished in the ratio of 12321, or of the square of 111, to the 
square of unity; that is, we must take only the 12321ht part of the weight above 
found, which gives the preceding result, viz. 27}. 

By a similar reasoning it will be found, that a body of a pound weight carried to 
the surface of Jupiter, would weigh 2^ pounds ; to that of Saturn Ijjiff, and to that of 
the moon only 2^ ounces. 

The masses of Mercury and the other planets which have no satellitien can only 
be guessed at from the effect which they produee in disturbing the motions of the 
other planets. 

The mass of the Moon as compared with that of the sun may be deduced by com- 
paring their influence in producing the tides, and the precession of the equinoxes. 


Tabular view of the comparative light and heat, volumes, mass, density, and gravity at 
the surface of the sun and principal planets. 
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PROBLEM Xn. 

To construct a fountain which shall throw up water by the compression of the air. 

Let there be a vessel, a section of which is represented 
(Fig. 10.), namely, composed of a eylindric pedestal or paral- 
lelopipcdon, crowned with a kind of cup f a e d. This 
pedestal is divided, by a partition n o, into two cavities, 
the lower one of which must be somewhat smaller than the 
other. 

A tube o H, passing through the partition, reaches nearly 
to the bottom c b ; while another tube L M has its upper 
orifice near the bottom of the cup, and its lower m near the par- 
tition NO. A third tube i k, which, like the first, passes 
through the bottom of the cup, tapers to a point at the upper 
end, and with the other reaches nearly to the partition. 

When the vessel has been thus constructed, pour water into the upper cavity, 
through a lateral hole, till it reaches nearly to the orifice L of the tube M l ; then 
carefully stop the lateral hole, and pour water into the cup ; this water, flowing into 
the cavity n b, will compress the air in it, and will force it, in part, to pass through 
M L into the space above the water in the upper cavity, where it will be more and 
more condensed, and force the water to spout out through the orifice i, especially if 
it be some time confined, either by keeping the finger on the orifice i, or by means of 
a small stopcock, which can be opened when necessary. 

Remarks. — I. This small fountain may be varied different ways. Thus, for ex- 
ample, if the weight of the water which flows through a h into the lower cavity n b, 
he not sufficient to give the necessary force to the water which issues through i, water 
might be introduced by means of a syringe, or even air by means of a pair of bellows 
adapted to the orifice c, and furnished at the nozzle with a stopcock. 

Quicksilver might also be poured into it : this fluid would enter it notwithstanding 
the resistance of the air, and force it to exercise a powerful action on the fluid con- 
tained in the upper cavity. 

II. This fountain might be constructed in a manner still 
simpler. Provide a bottle, such as a b (Fig. 11.), and intro- 
duce into it, through the cork, a tube c d, the lower orifice of 
which reaches nearly to the bottom, while the upper one termi- 
nates in a narrow apertuie. The communication between the 
external air and that in the bottle ought to be completely inter- 
cepted at A. Let us now suppose that this bottle is three- 
fourths filled with water ; if you breathe with all your force 
into the tube through the orifice c, the air in the space a £ f 
will be condensed to such a degree as to press on the sniface 
of the water e f, which will make it issue with impetuosity 
through the orifice c, and even force it to rise to a considerable height. When 
the play of the machine has ceased, if any water remains in it, to make it recom- 
mence its play, nothing will be necessarybut to blow into it again. 

PROBLEM XIII. 

To construct a vessel, into which if water he poured, the same quantity of wine shall 

tssue from it. 

The solution of this problem is a consequence, or rather a simple variation of the 
preceding. Let us suppose that the small tube i k (Fig. 10.), is suppressed, and 
that the cavity a o is filled with wine; if a small cock n be inserted into the 


Fig. 11 



Fig. 10. 
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msehine near tbe bottom n o. it i« evident that when water ia poured into the cup 
p A B i>« the tar, being forced into the upper cavity, will press on the surface of the 
wine, and oblige it to flow through the cock, until it be in equilibrium with the weight 
of the atmosphere : if more water be then poured into the cup f d, nearly as much 
wine will issue through the cock : so that the water will appear to be converted 
into wine. 

Hence, if It be allowable to make allusion to a celebrated event recorded in the 
Sacred Scriptures, were this machine constructed in the form of a wine-jar, it might be 
called the pitcher of Cana. 

PROBLEM XIV. 

Method of constructing an hydraulic machine^ where a bird drinks up all the water that 
spouts up through a pipe and falls into a bason. 

Let ABDC (Fig. 12.), be a vessel, divided into 
two parts by a horizontal partition e f ; and let the 
upper cavity be divided into two parts also by a ver- 
tical partition a H. A communication is formed 
between the upper cavity b f and the lower one EC, 
by a tube l m, which proceeds from the lower parti- 
tion, and descends almost to the bottom d c. A 
similar communication is formed between the lower 
cavity e c and the upper one a g, by the tube i k, 
which rising from the horizontal partition e f, proceeds 
nearly to the top a b. A third tube, terminating at 
the upper extremity in a very small aperture, descends 
nearly to the partition e p, and passes through the 
centre of a bason r s, intended to receive the water 
which issues from it. Near the edge of this bason is a bird with its bill im- 
mersed in it ; and through the body of the bird passes a bent syphon q p, the aper- 
ture of which p is much lower than the aperture q. Such is the construction of this 
machine, the use of which is as follows. 

Fill the two upper cavities with water through two holes, made for the purpose in 
the sides of the vessel, and which must be afterwards shut’. It may be easily seen 
that the water in the cavity a g ought not to rise above the orifice K of the pi[>e 
K I. If the cock adapted to the pipe L m be then opened, the water of the upper 
cavity b g will flow into the lower cavity, where it will compress the air, and make 
it pass through the pipe k i into the cavity a g ; in this cavity it will compress the 
air which is above it, and the air, pressing upon it, will force it to spout up through 
the pipe n o, from whence it will fall down into the bason. 

But at the same time that the water flows from the cavity b g into the lower one, 
the air will become rarefied in the upper part of that cavity ; hence, as the weight of 
the atmosphere will act on the water already poured into the bason through the orifice 
o of the ascending pipe n o, the water will flow through the bent pipe Q s p, into 
the same cavity b o; and this motion, when once established, will continue as long 
as there is any water in the cavity a g. 


Fig, 12. 



PROBLEM XV. 

To construct a fountain, which shall throw up water ^ in consequence of the rarefaction 
of air dilated by heat. 

Construct a cylindric or prismatic vessel, a section of which is represented (Fig. 
13.) raised a little on four feet, that a cbaflflng dish with coals may be placed 
beneath it. The cavity of this vessel roust be divided into two parts by a partition 
B F, having in it a round hole about an inch in diameter : into this hole is inserted 
a nine g h. which rises nearly to the top, and over the top is placed a vessel in 
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the form of a bason, to receive the water furmshed 
Fig, 18. by the jet. Another pipe i k passing through the 

top, into which it is soldered or cemented, descends 
nearly to the partition s f : this pipe may be made a 
little wider at the lower extremity, but the upper 
end ought to be somewhat narrow, that the water 
may spout up to a greater height. It will be proper to 
adapt to the upper part of this pipe a small stop- 
cock K, by means of which the water can be confined 
till the air is sufficiently rarefied to produce the 
jet. 

When the machine is thus constructed, pour water 
into the upper cavity till it reaches the orifice h of 
the tube g h; then place a cbafing^di^h of burning 
coals, or a lamp with several wicks, below the bottom of the vessel. By these means 
the air contained in the lower cavity will be immediately rarefied, and passing through 
the pipe g h, into the space above the water contained in the upper cavity, will 
force it to rise through the orifice i of the pipe i k, and to spOut up through the aper- 
ture K. 

To render the effect more sensible and certain, it will be propel to put a small 
quantity of >vater in^o the lower cavity ; for w'hen this water begins to boil, the 
elastic vapour produced by it, pasting into the upper cavity, will exert a much 
greater pressure on the water, and force it to rise to a more considerable height. 

Care however must be taken, if the steam of boiling water be employed, not 1o 
heat the machine too much; otherwise the violent expansion of the water might 
buist it. 



PROBLEM XM 

To meamte the degree of the heat of the atmosphere^ and of other Jiuids. History 
of thei mometei 8, and the method of constructing them. 

One of the most ingenious inventions, by which the revival of sound philosophy 
w'as distinguished in the beginning of the 17th century, was that of the instrument 
known under the name of the thermometer, so railed because it serves to measure 
the temperature of bodies, and paiticularly that of the atmosphere, and of other 
fluids, into which it can be immersed. This invention is gencially ascribed to the 
Academy del Cimento, which flourished at Florence, under the protection of the 
grand-dukes of the house of Medici, and which was the first in Europe that applied 
to experimental philosophy. It is asserted also, that Cornelius Drebbcl of Alcmaer 
in north Holland, who lived at the court of James I. king of England, had a share 
in this invention. But wc shall not here entei into a discussion of this point in the 
history of Natural Philosophy, as it is foreign to our design.* 

The invention of the thermometer is founded on the pi operty which all bodies, 
and particularly fluids, have of dilating by the heat which pervades them. As spirit 
of wine possesses this property in an eminent degi ee, this liquid was employed in 
preference to any other. A very narrow glass tube, terminating in a bulb of about 
an inch in diameter, was filled with this liquor, after it had been coloured red by 
means of tincture of turnsol, or orchilla weed, in order to rendei it more visible, 


* The first description of a thermometer ever publitdied, is that of Kol«mon dc C'aux, a French 
eiH'iiiter, in his book “ Des Forces Mou^ antes," pnutra in 1624, in folio, but written, as appears, 
prior to that period, for the dedication to Loihh Xlll. is dated 1615, and the pnvilege p;ranted by 
that monatch is of 1614. The thermometer here alluded to, acts by the dilatation ot air confined m 
a box, which, pressing against water, forces it to nse in a tube. As Drebbel's thermometer was 
ot the same kind, it may be asked whether his invention was prior to that o' Solomon de t'aux ? 
'Jhis is a question which seems difficult to be determined.— A ore of the French t'eiisor. 
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It may be easily conceived, that the size ot the bulb being considerable, compared 
with that of the tube, as soon as (he liquor beeame in the least diluted, it would be 
in part forced to pass into the tube : the liquor therefore uotild be obliged to ascend. 
On the other hand, when condensed by cold, it would ol course descend. It was 
only necessary to take care, that during vcr> cold weather the liquor should not 
entirely descend into the bulb; and that during the greatest degree of heat to be 
measured, it should not entirely escape from it. Towards the lower part, some 
degrees of temperature were inscribed by estimation : such as co/</, and a little lower 
great cold ; towards the middle temperate^ and at the top heat^ and great heat. 

Such is the construction of that thermometer called the Florentine, which was 
used for almost a century ; and such are those still sold in many country places by 
Itinerant venders, and which are purchased with confidence by the ignorant. 

This thermometer, though its form and the greater part of its construction have 
been retained, is attended with this fault, that it indicates the variations of heat 
only in a very vague and uncertain manner. By its means we may indeed know 
that one day has been hotter or colder than another ; but that degree of heat or 
cold cannot be compared with another degree, nor with the heat or cold in another 
place : besides, the w'ords heat and co/d are merely relative. An inhabitant of the 
planet Mercury would probably find one of our hottest summers exceedingly cool, 
and perhaps very cold; while an inhabitant of Saturn, if transported to the frigid 
zone of our earth during winter, would perhaps find it intolerably hot. We our- 
selves at the close of a fine day in summer, experience a sensation of cold, when 
removed into air much less hot, and vice versd. 

On this account, attempts have been made to construct thermometers, by which 
the degrees of heat and cold could be compared to a degree of heat or cold invariable 
in nature ; so that all thermometers constructed according to this principle, though by 
different artists, in dififerent places and at different times, should correspond with 
each other, and indieutc the same degree when exposed to the same temperature. 
This was the only method of making experiments that could be of utility. 

This was at length accomplished by means of the two following principles, which 
were discovered by experience. 

The first is, that the degree of the temperature of pounded ice, beginning to 
melt, or of water beginning to freeze, is constantly the sanu', at all times and in all 
places. 

The second is, that the degree of the temperature of boiling water is aKo 
constant. We here speak of fresh water; and we siippo««e also that the height 
of the atmosphere docs not vary ; for wc know that when water is pressed w'ith a 
greater weight, it requires a degree of lieat somewhat greater than w’hen it is less 
pressed. This is proved bj the pneumatic machine, from v\hieh if a part of the air 
be exhausted, water boils at a degicc of heat than wh‘*n exposed to the ojicii 
air. Hence arises a sort of paradox, that at the summit of a mountain, the same 
quantity of heat is not required to boil water as at the bottom of it. But when the 
gravity of the air is the same, and when the water holds no salt in solution, it lu-gius 
to boil at the same degree of heat ; and when it once attains to that state, it never 
acquires a greater degree, however long it may be boiled. 

Tliese two constant degrees of heat and cold, so easy to be obtained, have there- 
fore appeared to philosophers very proper for being employed in the construction of 
thermometers. The simplest method for this purpose is as follows : — 

Provide a tube, one of the ends of which is blown into a bulb of about an inch in 
diameter ; if the tube be a capillary one, the bulb may be smaller. By a process 
which we shall describe hereafter, pour quicksilver into the tube, till it rises to the 
height of a few inches above the bulb ; and then immerse the bulb into pounded ice 
put into a bason. When the mercury ceases to fall, make a mark on the tube, in 
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order tbat this point may be known ; then immerse tbe thermometer into boiling 
water, and mark tbe point where tbe mercury ceases to rise, which will be that of 
boiling water. Nothing then will be necessary but to divide that interval, between 
these two marks, into any equal number of parts at pleasure, such as 100, for instance, 
which appear to us to be the most convenient. For this purpose affix the tube to a 
small piece of board, having a piece of paper cemented to it, and divide the interval 
between the marks into the number of parts you have chosen ; if 8 be inscribed at 
the point of freezing, and if a few degrees be marked below it, your thermometer will 
be constructed. 

Care however must be taken, to ascertain whether the diameter of the tube is uni- 
form throughout : for it may be easily seen that a tube of unequal calibre would 
render the motion of the mercury irregular. For this purpose, introduce a small drop 
of mercury into the tube, and make it pass from tbe one end to the other ; if it every 
where occupies the same length, it is evident that no part of the tube is narrower 
than another ; if the drop becomes lengthened or shortened, the tube must be rejected 
as faulty. 

Several of the modem philosophers, with a view to Improve the construction of 
thermometers, have entered into minute details in regard to the increase of volume 
which mercury and spirit of wine acquire, when they pass from the degree of freezing 
to that of boiling water ; but it appears to us, that as these two terms have been 
found to be invariable, they might have saved themselves the trouble of entering 
into these considerations, which tend only to render their processes more difficult. 

It now remains that we should describe the method of filling the bulb and tube 
with the fluid intended to form the thermometer ; and which, for reasons to be men- 
tioned hereafter, we shall suppose to be mercury ; for this operation is attended with 
some difficulty, especially when the tube is very small. 

The first thing to be attended to, is to clean very well the inside of the tube ; 
which, if it be not a capillary one, may be done by means of a very dry plug fixed to 
the end of a wire, and then drawn up and down the tube. If the tube be capillary, 
it must first be heated, and then the bulb : the air issuing from tbe latter will expel 
any dirt that may be adhering to it. 

The mercury ought to be exceedingly pure, or revived by means of cinnabar ; it 
must also be boiled to expel the air which may be diffused through it. 

When these preparations have been made, attach to the summit of the tube a small 
paper funnel ; apply the tube to a chafing-dish in such a manner ns to heat it gra- 
dually, and then heat the bulb in tbe same manner, till it cannot be held in the hand 
without a thick glove. When the thermometer has acquired this degree of heat, if 
the small funnel above mentioned be filled with heated mercury, in proportion as the 
glass cools the air will become rarefied, and afford a passage to the mercury into the 
bulb, till it be in equilibrium with it. Repeat the same operation to introduce a new 
quantity of mercury, and so on till the tube is full; and then graduate tbe thermo- 
meter, expelling from it, by the means of heat, what is more than necessary to make 
it reach the highest point marked towards the upper extremity of the tube, when 
immersed in boiling water. When this point has been fixed mark it by means of a 
thread, or by notching the tube with a file, and having suffered the thermometer to 
cool, immerse it in melting ice, which will give the freezing point. 

It may be readily conceived, that if the whole of the mercury, during this opera- 
tion. should enter the bulb, it will be necessary to introduce a little more, in order to 
carry the point of boiling water somewhat higher. 

Melt and draw out the upper end of the tube, by applying it to an enamelier’s 
lamp, and heat the mercury to such a degree, as to make it ascend near to the 
summit; then seal it hermetically at the lamp, and by these means nothing will 
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rcmsin in the nppet end ot the tube hut a quaiititj of air imperrcptible, or excoed 
ingly small. 

Thenaffix the tube toa board, made of w>fi»e wood whirh haa the property of expand 
ing but a very little in length b\ heat : /ir hm ihU property as well as that of lUt* 
ness; the bulb must be insulated from the board tint the air may hurround it nml 
CteeXya 'bal it may not be utTected by the heat wltich the wood may ttcqmrc. 

K questAoiv here uatutaWy arises ; What kuiA of Viquot \a the bent, 
convenient for constructing accurate and durable tluTinometers—Spirit of w‘ 
mercury ? 

In our opmon, tbh queitian is sttenM with no difficuUy; fyt mJI pbilosoob 
must agree that mercury ia the 6ttest fluid for constructing thermometers ^ V* 
doubt of iia auperiority over spirit of wine can be entertained, by those wb! 
eontider ® 
lit That spirit of wine, unless well depblegmated, is not always the same • and 
who can assert that, in its different states, its progress is always the same, or that its 
dilatation is not different at the same degree of beat ? This point has been determiiied 
by experience ; and therefore no certain comoarison can be made between different 
spirit of wine thermometers. 

2d. If spirit of wine be well depblegmated, as it then becomes highly spirituous 
and volatile, is it not to be apprehended that its volume may be gradually diminished ’ 
It is indeed true, that to prevent this inconvenience, the tube is hermetirallv closed 
at the top; but this precaution will not prevent the most volatile port from being 
exhaled in the upper part of the tube ; and in that case the spirit of wine, becoming 
Jess expansible, will remain below the degree at which it ought to be ; and the same 
thing will take place in every state of*the spirit of wine, whether it be employed with 
water, as is usual, in order to moderate its dilatibility. 

3d. Spirit of wine boils at a degree of heat less than that of boiling water ; con- 
sequently it is not proper for examining degrees of heat which are greater ; for beyond 
ebullition the progress of the dilatation of any liquor does not follow the same laws ; 
because after that term it becomes volatilized, or is suddenly reduced into vapour of 
a volume a thousand times greater. 

On the other hand, spirit of wine, when united with water, is susceptible of freezing 
at a degree of cold not much less than that at which water congeals ; and therefore 
it is very improper for mt'asiiring degrees of cold much below that term. 

Mercury is attended with none of these defects. This substance, as far as chemists 
have been able to ascertain, is of an uniform nature when pure; to make it boil re- 
quires a degree of heat six times us far distant fiom ziro, or the term 0, as that at 
w»hich water boiU; and it does not freeze but at a degree of cold very far indeed below 
that of the congelation of w’ater. 

Another advantage of mercury, whether employed in iliermomciers or barome- 
ters, is, that while in the act of rising, the small column assumes a convex form at 
the top, and when it falls a concave form ; for this leasori, when the summit assumes 
a convex form, we can say that the mercury is in the act of rising; and when it 
becomes concave, we may conclude that it begins to fall ; which is very convenient 
for prognosticating beat, and for ascertaining whether it increases or has become sta- 
tionary, or has begun to decrease. 


PBOBLEM xvn. 

Description of the most celebrated tbermrmeters, or those chiefly used . Method of 
reducing the degrees of one to corresponding degrees of another. 

Several thermometers, different in the division of their scale, though constructed 
on the same principle, are employed in Europe. As the division of the scale is 
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altogether arbitrary, it is necessary that we should point out the method of reducing 
degrees of the one to corresponding degrees of another. 

These thermometers are that of Fahrenheit, that of Reaumur, that of Celsius, and 
that of Delisle. 

The first of these thermometers is constructed with mercury, and is graduated in a 
manner which, on the first view, may appear rather whimsical The freecing point 
corresponds to the 32d degree ; and between this point and that of boiling water 
there are ISO degrees ; so that the beat of boiling water corresponds to ibe 212th 
degree. The reason of this division is that Fabienheit assumed, as the Zero of his 
tbermometer, the greatest degree of cold which he could produce by a ittkiore of 
snow and spirit of nitre; having then immersed bis instrument in meltUif ^^COr 
afterwards in boiling vrater, he divided the interval between these two pointy iillo4^ 
degrees, which gave him 32 between the above artificial cold and that of oOMMsn 
freezing. Experience has since shewn that it is possible to produce an artifieUd oold 
much more intense than that produced by Fahrenheit. 

This thermometer is that generally used in England ; built appears that the scale 
is not the most commodious. It might however be improved bjHitansposiiigsero to 
the place of the S2d degree, in which case there would be 18D degrees between the 
freezing point and that of boiling water ; and the degree now marked 0 in this ther* 
mometer, would be—- 32, denoting the degrees below freezing by the negative sign 
miatfs. Fahrenheit, it appears, was the first person who employed mercury in the 
construction of this instrument. 

Reaumur’s thermometer is generally made with spirit of wine, and is graduated in 
such a manner, that the degree of melting ice is marked 0, and that which corre- 
tponds to boiling water is marked 80 ; consequently there are 80 degrees between 
these two points. The scale below 0 is marked 1, 2, 3, 4, &c. ; and when tbe«ie 
degrees are used, the words helow fretting are added, or for the sake of brevity the 
sign — . 

Delisle’s thermometer is much used in the North ; and for this reason it is neces- 
sary we should make>knowii the manner in which it is divided. Dclisle begins his 
scale at the point of boiling water, and proceeds downwards to the freezing point; 
between which and that of boiling water there are 150 degrees : 150 degrees of bis 
thermometer correspond thereibre to 60 of Reaumur, or 160 of Fahrenheit. 

Celsius of TJpsal, and Christin of Lyons, sensible of the defects of spirit of vrine, 
and finding the division into 80 degrees inconvenient, endeavoured to remedy these 
faults by constructing a thermometer with mercury, and dividing the interval be- 
tween the freezing point and that of boiling water into 100 degrees. The only 
difference between this thermometer and that of Reaumur, is, that mercury is 
used instead of spirit of wine, and that 100 divisions are employed in the 
same space in which Reaumur employs 80: one degree of the thermometer of 
Celsius is therefore equal to f of a degree of that of Reaumur ; consequently, to con- 
vert the degrees of Celsius's thermometer to corresponding degrees of Reaumur, 
multiply by 4 and divide by 5 : to convert Reaumur’s degrees to those of Celsius, a 
contrary operation must be employed. To convert the degrees of Celsius’s thermo- 
meter to those of Fahrenheit’s, multiply by 9, then divide by 5, and to the product 
add 32. To convert Fahrenheit’s degrees to those of Celsius, subtract 32 from the 
number of degrees proposed, and having multiplied the remainder by 5, divide the 
product by 9. 

To convert degrees of Fahrenheit into degrees of Reaumur, the following process 
must be employed : if the degrees of Fahrenheit are above 32, subtraet 32 from them, 
then multiply the remainder by 4, and divide the product by 9, the quotient will be the 
corresponding degree of Reaumur’s division. Let the proposed degree of Fahrenheit, 
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for example, be 149 : if 32 be subtracted from this number, the remainder will be 117, 
which multiplied by 4, gives for product 468; and if this product be divided by 9, 
we shall have for quotient 52, which is the corresponding degree of Reaumur’s ther- 
mometer. 

If the degree of Fahrenheit be between 0 and 32, it must be subtracted from 32 ; 
then multiply the remainder by 4, and divide the product by 9; the quotient will be 
the corresponding degree of Reaumur's thermometer. In this manner it will be 
found, that 12 degrees of Fahrenheit correspond to degrees of Reaumur, below 
freezing. 

Lastly, when the proposed degree is below 0, add it to 32, and then proceed as 
above directed : the quotient will be the corresponding degree of Reaumur’s ther- 
mometer. Thus, it will be found that the 45th degree of Fahrenheit, below 0, cor- 
responds to 34§ degrees below 0 of Reaumur. 

It may here be readily seen, that to convert degrees of Reaumur's scale to the 
corresponding degree of Fahrenheit's, the reveise of this operation must be per- 
formed. 

In regard to Delisle’s thermometer ; it is evident, from its construction, that the 
150th degree in its scale, corresponds to the zero of Reaumur’s scale. If the pro- 
posed degree of Delisle’s thermometer then be less tban 150, it must be subtracted 
from 150: if you then multiply by 8, and divide by 15, the quotient will be the cor- 
responding degree of Reaumur, above freezing. 

Let the proposed degree of Delisle’s thermometer, for example, be 120 : if this 
number be subtracted from 150, the remainder will be 30 ; then say, as 150 to 80, or 
as 15 to 8, so is 30 to a fourth term, which will be 16 = the degree of Reaumur’s 
thermometer, above 0, or the freezing point. 

If the degree of Delisle’s thermometer exceeds 150, as if it be 190, for example, 
subtract 150 from it, which will leave for remainder 40; then make use of this pro- 
portion : As 15 is to 8, so is 40 to 21^, which will be the degree of Reaumur’s .ther- 
mometer, below 0, corresponding to the 190th degree of Delisle's thermometer. 

As it will be easy to perform the reverse of this operation, in order to convert 
the degrees of Reaumur’s thermometer into those of Dclisle’s, more examples are 
needless. 

It is certainly much to be wished that all philosophers would agree to employ only 
one kind of thermometer, that is to say, constructed in the same manner, w’ith mer- 
cury, and having the same scale. In regard to the latter, there can be no doubt that 
the division of 100 parts, between the freezing point and that of boiling w’ater, 
would be preferable to any other, as decimal divisions are attended with many ad- 
vantages in regard to facility of calculation; and this mode of division has since 
been adopted in France. The thermometer so divided is called the centigrade ther^ 
ruometer, 

ON REGISTER THERMOMETERS. 

Many contrivances have been proposed for making the thermometer register the 
variations of temperature. One invented by Mr. Six of Colchester, and named after the 
inventor, is represented in Fig. 14. It is nothing but a spirit-of-wine thermometer, 
with a long cylindrical bulb ; and its tube bent in the form of a syphon with parallel 
legs, and ending in a small cavity. A part of both legs, as from a to />, is filled with 
mercury ; and the ramainder of the legs, and a small poition of the cavity, are filled 
with highly rectified spirit of wine. The double column of mercury gives motion 
to two indices, c and d. Each index consists of a bit of iron w'ire inclosed in a glass 
tube, capped at each end with a button of enamel. They are of such size that they 
would move freely in the tube, were it not for a thread of gloss drawn from the 
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upper cap of each, and inclined so as to press against one side 
of the tube with sufficient force to retain the index attached at 
any part of the tube to which it is raised by the mercurial column. 

The instrument, then, effects its object in the following man- 
ner. When the spirit in the bulb is expanded by beat, it (le> 
presses the mercury in the limb a, and raises it in the limb 6, 
of the syphon. When the spirit d in the bulb contracts by cold, 
the mercury in the limb b descends, and causes a proportional 
rise of the column in a. Now it will be seen that when the 
mercuiy in either column rises, it will carry the index in that 
column with it ; and when it begins to fall, it will leave the 
index attached to the side of the tube, by the small glass spring 
above adverted to; "the lower part of the index marking the 
highest point to which the mercury in that tube had risen. 

In this way the highest and lowest temperatures are seen 
that have occurred between any two times of observation. To 
prepare the instrument for a new observation, both indices are 
brought to the surface of the mercury by the attraction of a 
magnet. 

It is obvious, from this description, that there must be an as- 
cending scale attached to h to measure the expansion of the 
spirit by heat, and a descending scale to a to mark the con- 
ti action of the spirit by cold. 

Some makers, instead of the glass spiing, insert a bristle into the cap of the in- 
dex ; but a line wire of silver or platina w'ould be preferable. 

Another invention of Dr. John Rutherford's, called the day and night thermome- 
ter, has, from its cheapness, and the simplicity of its construction, in some measure 
superseded that of Six. 


Fig. U. 



Fig, 15. 



This instrument is represented in Fig. 15, where a represents a spirit, and b a 
mercurial, thermometer; both placed hoiizonlally on the same piece of wood or 
ivory. 

The index of b is a piece of steel wire, which is pushed before the mercury, and 
left where the mercury had attained its greatest expansion ; and marking therefrom 
the highest temperature. The index of a is a piece of glass about half an inch 
long, with a small knob at each end. It lies in the spirit, which passes freely beyond 
it, when expanded by heat ; and when contracted by cold, the last film of the 
column of spirit is enabled, by the attraction between the spirit and the glass, to 
carry the index back towards the bulb ; leaving it at the point which marks the great- 
est cold that has taken place since the setting of the index. 

From the position of the thermometers, it is obvious that, to bring both the in- 
dices to the surface of the respective fluids, it is only necessary to incline the instra- 
nient, making the end tow^ards c the lowest. 

2 82 
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For ordinary purposes this instrument is very convenient ; it is not easily deranged, 
and it can be adjusted in a moment. 

For a description of other instruments of the kind, see the treatise on the Ther. 
morneter and Pyrometer, in the “ Library of Useful Knowledge.** 

PROBLEM xviii. 

Con$truction of another kind of thermometer, which measuret heat hy the dilatation 
of a bar of metal. 

The property which all metals have of dilating by heat, serves as a principle for 
the construction of another thermometer, exceedingly useful, as much greater 
degrees of beat can be measured by it than by other thermometers ; for a spirit-of. 
wine thermometer cannot measure a degree of heat greater than that acquired by spirit 
of wine in a state of ebullition ; and a mercurial thermometer cannot measure any 
degree of heat greater than that of boiling mercury. It was perhaps for this reason 
that Newton employed, in his thermometer, linseed oil; for it is well known that 
fat oils, before they arc bi ought to ebullition, require a degree of heat much greater 
than that which fuses the greater part of the metals and bemi-metals, such as lead, 
tin, bismuth, &c. 

Muscbcnbroeck is the inventor of this new kind of thermometer, called also 
Pyi ometer. Its construction is as follows. 

If we suppose a small bar of metal, 12 or 15 inches in length, made fast at one of 
its extremities, it is evident, that if it be dilated by heat, it will become lengthened, 
and its other extremity will be pushed forwards. If this extremity then be affixed to 
the end of a lever, the other end ot which is furnished with a pinion adapted to a 
wheel, and if this wheel .move a second pinion, the latter a third, and so on, it will 
be evident that, by multiplying wheels and pinions in this manner, the last one will 
have a very sensible motion ; so that the moveable extremity of the small bar cannot 
pass ovei the hundredth or thousandth pait of a line, without a point of the circum. 
ference of the last wheel passing over several inches. If this circumference then have 
teeth fitted into a pinion, to which an index is affixed, this index will make several 
revolutions, when the dilatation of the bar amounts only to a quantity altogether 
insensible. The portions of this revolution then may he measured on a dial-plate, 
divided into equal parts ; and by means ot the ratio which the wheels bear to the 
pinions, the absolute quantity which a certain degree of heat may have made the small 
bar to dilate, can be ascertained ; or, hy the dilatation of the bar, the degree of heat 
which has been applied to it may be determined. 

Such is the construction of Muschcnbroeck’s pyrometer. It i.s necessary to observe, 
that a small cup is adapted to the machine, in order to receive the liquid or fused 
matters, subjected to experiment, and in which the bar to be tried is immersed. 

When it is required to measure, by this instrument, a considerable degree of heat, 
such as that of boiling oil or fused metal, fill the cup with the matter to be tried, and 
immerse the bar of iron into it. The dilatation of the bar, indicated by the turning 
of the index, will point out the degree of beat it has assumed, and which must neces- 
sarily be equal to that of the matter into which it is immersed. 

This machine serves to determine the ratio of the dilatation of metals; for by sub- 
stituting, in the room of the pyrometric bar, other metallic bars of the same length, 
and then exposing them to an equal degree of beat, the ratios of their dilatation will 
be shewn by the motion of the index. 
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A Table of the different degrees of heat at which different matters begin to meU^to 
freeze^ or to enter into ehuliitiont according to the thermometers qf Fahrenheit^ 
Jieaumurt and Celsius, 


Names of the Matters. 

Degrees 

of 

Fahrenheit. 

Degrees 

of 

Reaiuttur. 

Degrees 

of 

Celsius. 

Mercury congeals 

— 39 

_ 3Jj 

— 39^ 

Meicuiy boils 

708 

300 

876 

Water freezes 

33 

0 

0 

Water boils ... 

313 

80 

100 

Rectiiied spirit of wine freezes 

— 33 

— 29 

— 36 

The same boils 

175 

63^ 

79 

Biandy consisting of equal parts spirit and 
water freezes 

— 7 

— 17i 

— 21! 

The same boils 

190 

70 

87J 

Water saturated with marine salt boils 

218 

82 § 

103^ 

Lixivium of wood ashes boils ... 

240 

92 ] 

114 

Burgundy, Bourdeaux, &c., wine freezes ... 

20 

- 

— H 

Spirit ot nitre freezes 

— . 40 

— 23 

— 40 

The same boils 

243 

93i 

116 

Wax melts 

142 

49 J 

62|^ 

Butter melts 

80 to 90 

21 to 26 

26 to 32 

Oil of turpentine begins to boil 

6 Co 

234 1 

292 

Olive oil becomes fixed 

43 

5 

H 

Rape-seed oil boils, and is ready to inflame ... 
'Fill fused ... 

714 

298 

372 

408 

167 

309 

l^ead fused 

54 0 

226 1 

283 

Bismuth ditto 

460 

190 

238 

Regulus of anatomy ditto 

805 

344 

430 


Table of the different degrees of heat or cold observed in various parts of the earthy 
or in certain circumstances^ or in consequence of certain operations^ according to 
Reaumur 8 thermometer. 


Degrees, 

Constant heat of the vaults below the observatory of Paris 9^ 


Heat at which chickens are hatched 35 

— ^ at which silk- worms are hatched 19 

for an orangery 15 

— — • for pine-apples 18 

for the chamber of a sick person 17 

for a stove 12 

— of the human skin 29to30 

of the interior of the human body 31 

Fever heat 32to40 


Heat observed at Paris in 1753 

at Senegal 

in Syria in 173G. 

at Martinico . . . 

Cold observed at Paris in 1706. 

in 1740. 

in 1754 

in 1767 

in 1768 

in 1709 


30 ^ 

37 

35 

32 

9} 

lOJ 

12 

13 

14J 

Uh 
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Cold obser?ed at Paris in 1770 — 10} 

' — at Petersburgh December 1759 — 33} 

December 1 772 — 50 

— . at Torneo in 1737 — 37 

at Quebec — 37 

at Epsal in 1733 — 40 

at Kiringa in Siberia in 1738 (See Flora Siherica) — 70 

Artificial cold with spirit of nitre and snow cooled to 33 degrees — 170 


Table of the ratio of the dilatation of metals by heat, according to Mr* Ellicot. 


Names of 

Respective 

Names of 

Respective 

Metals. 

Dilatatioa. 

Metals. 

Dilatation. 

Gold 

, . . . 73 

Iron 

. .. 60 

Silver 

103 

Steel . . . » . 

. .. 56 

Copper 

89 

Lead 

149 

Similor 

95 

Tin 

148 


OBSERVATIONS OK THE PRECEDING TABLES. 

I. The first observation we shall here make, is on the congelation of mercury by 
an extraordinary degree of cold. This singular experiment was made, for the first 
time, at Petersburgh in the month of December 1759, and deserves that we should 
here give a particular account of it. 

The cold having become very intense in that city, in the month of December 1759, 
Mr. Braun embraced that opportunity of making some experiments on the artificial 
cold that could be produced assisted by its means, lie put into a glass vessel snow 
already cooled to 208 degrees of Delisle’s thermometer, or 31 degrees of Reaumur, 
and having cooled to the same degree good fuming spirit of nitre, he poured it upon 
the snow, lie then immersed in the mixture the bulb of a thermometer, so con- 
structed that the scale of it extended about GOUO degrees, both above and below 
zero, which in Dclisle’s thermometer is the point of boiling water, and saw with 
astonishment the mercury rapidly descend to the 47(Tth degree below that term. 
The mercury having then stopped, Mr. Braun shook the thermometer, and found that 
the mercury had no motion. He broke the bulb, and found that the mercury was 
completely frozen. This experiment was repeated either the same day, or on the 201 h 
of December, when the natural cold was still more intense, and the mercury fell to 
the 212th degree of Delisle's thermometer, or the 33d of Reaumur. Several of the 
Academicians of Petersburgh were present at the latter experiment, and confirmed the 
truth of it. The small ball of congealed mercury was hammered, and it appeared to 
have the ductility of lead. 

One thing very singular, and which Mr. Braun remarks with astonishment, is, that 
in several of these experiments, the mercury fell with moderate velocity from the 
point of the temperature of the air to that of 470 degrees below zero ; but when it 
reached that term it fell at once below the 600th degree, without the bulb of the 
themometer being broken. 

This phenomenon, in our opinion, is nearly the inverse of that which takes place 
in the congelation of water. It is well known that in proportion as water cools, it 
diminishes in volume ; but when it reaches the degree of congelation, it suddenly 
increases in volume, so that if a thermometer were constructed with pure water, it is 
probable the water would first fall, and then burst the ball of the thermometer. 
This is an effect of the new arrangement of the parts which takes place, with a force 
almost irresistible, at the moment when they arc all in contact. 

But there is reason to think, that in mercury the contrary is the case ; that is to 
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say, when cooled to such a degree that its component particles are almost in con- 
tact, they suddenly arrange themselves in a certain form by tbeir mutual attraction ; 
and this form is apparently such, that in this disposition they must occupy less 
volume, as those of v^ater occupy more. 

But however this may be, it is confirmed by the experiment of Mr. Braun, that 
mercury is only a metal kept in a state of fusion by a degree of beat much less than 
that which freezes water, and a multitude of other liquors. We must even remove 
it from the class of semi-mctals, and rank it among the number of real metals. 

We find also, in this experiment, the reason why mercury is the most volatile 
of the metals. Since the degree of heat necessary to keep it in fusion, is so far 
below that which melts ice, it needs excite no astonishment that at the 300tb degree 
of Reaumur’s tlicrniometer it begins to be volatilised ; for this degree is about the 
same as the GOOth would be to lead, or the 1200th to copper, &c, 

II. Another remark is, that the degree of water beginning to freeze is indeed fixed; 
but the case is not entirely the same with that of boiling water. It has been found 
that the more water is charged with the weight of the atmosphere, the greater is the 
degree of heat necessary to make it boil. This was remarked by M. le Mounier, who 
found at the summit of tlie Canignou that boiling water raised the thermometer only 
to the 78th degree. This lias been since proved by other philosophers, such as M. 
dc Seeondat, the son of the celebrated Montesquieu, on the Pic du Midi, one of 
the highest mountains of the Pyrenees, and by Mr. Deluc on a mountain still 
higher. Water has uUo been made to boil under the receiver of an air pump, at 
a degree much below the 80th of the theimometer; this effect may be produced 
by partly evacuating the air. 

It IS therefore necessary that this degree of the thermometer should be fixed, 
taking into consideration the height of the barometer ; and in rectified and compara- 
tive thermometers, of which we have heard, the 80th degree is that which indicates 
boiling watei when the height of the barometer is 27 inches Paris measure, or 
28*8 English Inches : this is what we ought to understand by the degree of boiling 
water. 

It has been found also that the thinnest liquors boil at a degree of beat less 
than water ; but that fat oils require a much greater degree. 

III. We have rectified, according to the observations of DcIuc, or obser- 
vations made at his request, the temperature of the vaults of the observatory at 
Palis, which is not 10 as commonly said, but 9^ at most. We have rectified also, by 
the observations of M. Braun, the degree of boiling mercury, which is generally 
placed at the GOOth degree of Fahrenheit, but which, according to that philosopher, 
is the 708th or 709th. 

IV. In the table of the dilatation of metals, it is seen that steel is that which 
dilutes the least by heat ; the next is iron, and the next to that is gold. Lead and 
tin dilate the most. It appears also by this table, that the dilatability docs not fol- 
low the ratio of the specific gravities, nor that of the ductility, nor of the strength 
of these metals: there are even irregularities in their dilatations, on which account 
it is to be wished that a greater number of experiments were made on this subject, 
and in a more correct manner. 

Remark — It is rather matter of surprise, that M. Montucla has taken no notice 
of the accounts of the freezing and fixing of mercury, in the Philos. Trans, for the year 
1783, especially as the errors of M. Braun concerning this matter are there corrected^ 
and the degree of cold at which it freezes is ascertained by many different persons, 
both by natural cold, and by artificial mixtures, with perfect satisfaction. It is there 
proved that the degree of cold at which mercury freezes, is — 39 of Fahrenheit, or 
39* below 0 in that scale. It is also shewn that the extraordinary degree of depression 
of thermometers accompanying frozen mercury, which deceived M. Braun and some 
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other pcrfons, ig owinp: to the sudden eoiifraetioii of muTCnry in the act of freezing, 
and after it ; contrary to the natnre of water, which • xpuiids and enlarges in the 
sanne circumstances. Hence it happens that congealed mercury, becoming more 
dense and compact, sinks in fluid mercury ; while common ice, or congealed water 
floats in that fluid. 


PROCLPH XIX. 

What is the cause of the intense and almost continual cold experienced on the tops of 
hiph mountains, and even of those situated in the torrid zone ; while it is hot in the 
neighbouring plains or valleys f 

The cold experienced on high mountains, while the neighbouring plains are exposed 
to the most violent heat, is a phenomenon which has long excited the attention of 
philosophers. It is now known that one of the hottest climates in the world is the 
coast of Peru, and yet those who gradually ascend the Cordilleras from itf observe 
that the heat progressively decreases ; so that when they have got to the valley of 
Quito, at the height of about 1400 toiscs above the level of the sea, the thermometer, 
m the course of the whole year, scarcely rises 13 or J 4 degrees above xero. If they 
ascend still higher, this temperature is succeeded by a severe winter, and when they 
get to the perpendicular height of about 2400 toises, they meet with nothing, even 
under the equinoctial line, but eternal ice. 

Some philosophers have asked how this is possible. In proportion ns they rise 
above the surface of the earth, they approach the sun, consequently bis rays ought to 
be ts^rmer; and yet they experience the contrary. Some have thence concluded 
that the rays of the sun are not the principle of the heat which wc experience ; for if 
they are, say they, how conies it that they have less activity exactly in the place 
where they ought to have more? This paradox wc shall endeavour to explain. 

It must first be observed, that W'hen people ascend to the height of some thousands 
of yards above the surface of the earth, it is wrong for them to conclude that the rays 
of the sun ought to have more activity there than at the surface. This difference 
would be insensible even if they should ascend to a height equal to the earth’s seini- 
diametcr, or some thousands of miles, for the sun being at the distance of 22000 semi- 
diameters of the earth, and as the heat of the sun’s rays increases in the inveise ratio 
of the squares of the distances, the direct heat of the sun at the height of a semi- 
diameter of the earth will be to that experienced at the surface, as the square of 
21009 to the square of 21008; a ratio which will he found to be that of 10999 to 
10998 or of 11000 to 10909 ; so that the heat would be only one 11000th part less at 
the surface than at the di^^ance of the earth’s semi-diameter above it, a difference 
quite insensible. What then can be the difference at the height of four or five thou- 
sand feet above the surface of the earth? certainly nothing, and therefore no atten- 
tion ought to be paid to it. 

But there are very sensible physical causes, in consequcnceof xvhich bodies are less 
susceptible of heat, and while on lho‘«e elevated parts of the earth retain it a shorter 
time than when they aic nearer the surface. It is certain that the heat which we ex- 
perience at the surface of the earth is not merely the cfifect of the direct heat of the 
sun, but of several causes united. 

These causes are, Ist. The mass of the heated bodies, which retain longer the heat 
they have received, according as they are denser and more voluminous: hence the 
terrestrial bodies retain, even in a great measure throughout the night, the heat com- 
municated to them during a fine summer's day. The day after this they receive 
another accession of heat by the presenee of the sun ; and so on in succession. 

2d. The air being more dense in the plains and valleys, it retains a greater portion 
of the beat it receives in the day-time, and prevents the dissipation of the heat com- 
manlcated to the earth. For this reason, the beat continually increases in the lower 
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ground*! as the sun rises above the horizon ; but on the summits of the mountains 
the rase is not the same. 

In the tirst place, the air in those high regions is much rarer than at the surface of 
the earth. No sooner is the sun sunk below the horizon, than it loses the heat it 
received in the course of the day ; for every person must have observed, that a dense 
body, such as a piece of money, retains heat longer than a body of little density, such 
as a bit of cloth. If you approach a large tire, and stand some time before it, you- 
will find the money in your pocket burning hot ; if you retire, it will be in this state 
fur a long time, while your clothes will retain only a common degree of heat. Hence, 
the small quantity of heat which the thin air of the mountains has received in the 
course of a summer's day is soon dissipated ; it is not accumulated there as in the 
lower regions, where the contact also of dense terrestrial bodies, violently heated, 
eontributes to maintain it in that state. In the second place, the exceedingly high 
insulated peaks of these mountains are only small masses, when compared with the 
whole of the terrestrial bodies in the plains and the valleys. If they are heated to a 
certain point, the heat they have received is speedily evaporated ; and this evapora- 
tion is promoted by the coolness of the surrounding air, which is lowered to the tem- 
perature of ice, almost as soon as the sun has set. 

Hence it may be easily conceived that the air, which surrounds high mountains^ 
acquires only in a very transient manner a certain degree of heat ; that it is almost 
always below the temperature even of ice ; that on this account all the aqueous 
meteors there formed are converted into snow and ice, that when a certain mass is 
once formed, it will oppose the introduction of heat, either into the surrounding 
air, or into the parts which it covers, and this new obstacle will tend to increase the 
cold and the mass of the ice. In this mariner have been formed those accumulated 
masses of snow and ice which cover the summits of the Cordilleras, as well as some 
parts of the Alps and the Appennines ; in short, all those mountains of the universe 
whose height exceeds a certain limit, which in the torrid zone is about 2400 toises 
perpendicular elevation above the level of the sea. 

We must here remark that this height is less as the latitude is greater : thus, in 
the torrid zone, you must ascend to the height of 2400 or 2500 toises to arrive at 
those regions of perpetual ice ; but in the temperate zone, for example, these eternal 
glaciers will be met with at the height of 1400 or 1500 toises. The commencement 
of those found in Switzerland, according to the measurement of Mr. Deluc, is at the 
height of 1500 toises above the level of the Mediterranean; and on proceeding 
farther north they will be found near the level of the sea. The glaciers of Norway 
are certainly less elevated than those of Switzerland. In short, in the frigid zone 
that region of continual ice is at the surface of the earth. Hence it happens that in 
those regions the ice, as is well known, never melts. Both the arctic and antarctic 
poles are surrounded, to the distance of several hundreds of leagues, with circular 
bands of ice ; which, according to every probability, exclude all hopes of ships being 
ever able to traverse the frozen ocean, in order to proceed through the seas of phina 
and Japan to the passage known to exist between Asia and America. 

When the sun's rays pass through a perfectly transparent medium, they are not 
found to impart to it the slightest increase of temperature, and hence if our atmo- 
sphere were perfectly transparent, it could receive no beat from the sun by direct 
radiation. It is only when the solar rays meet with dark or opaque substances that 
they give out or impart sensible heat. The surface of the earth being thus warmed 
by the immediate influence of the sun’s rays, the temperature thus acquired is slowly 
imparted to the air in contact with it; which, being rarefied, ascends upwards, gra- 
dually giving oflf its heat during its ascent, till it reaches a situation where its specific 
gravity is the same as that of the surrounding air ; when its tendency to rise ceases ; 
and, for a moment, it becomes stationary. The descending portions of air are affected 
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in a way tlie rererse of this; giving out a portion of their latent heat as they sinkr 
till they arrive at the surface, where, being heated by coming again in contact with 
the earth, they re-ascend, to begin anew the same round of changes in their thermal 
condition. 

The heat at the surface of the earth then gives rise to a succession of ascending 
and descending currents ; and the principal cause of the difference of temperature 
at the top and bottom of a column of atmosphere is the exhalation and absorption 
of heat, caused by the alternate condensation and rarefaction of the air. The im- 
perfect manner in which heat is conducted through fluids secures the lower strata 
of the atmosphere from 'loss of heat by transmission ; and hence a diminution 
of temperature is observed as we ascend above the surface of the earth. 

The law which regulates the diminution of heat as we ascend in the atmosphere, 
varies with the latitude as well as the season of the year. In ascending from 
Geneva to Chamouni, Suussure observed that Fahrenheit’s thermometer fell 1“ for 
236 feet ; and on another occasion T for 266 feet. And from such observations he 
assigned, as a mean, T Fahrenheit for 292 feet in summer, and for 419 in winter. 
M. Ramoiid gives 299, M. d’Aubuisson 315, and Guy Lussuc 341, foi 1" Fahrenheit. 
At the time of the experiment from which the last-named lesult was obtained, the 
heat at the surface of the earth was very great. 

From the observations m«ide by Humboldt among the Andes, we learn that the 
beat does not decrease uniformly as the height increases ; and also that the rate 
of diminution is greatly affected by local circumstances. He observed, for instance, 
on one occasion, that the decrease became slower between 1000 and 30(X) metres 
of ascent ; and was more particulaily retarded from 1000 to 2500 ; but that it after- 
words increased between 3000 and 4000 metres. The following table shews a few 
of his results. 

Height in Metres. iiughsb feet. 

From 0 to 1000 309 

JOOO 2fXX) 536 

2000 3000 423 

3000 40(X) 239 

4000 5000 328 

His mean result for the whole ascent is 346 feet for P Fahrenheit. He ascribes 

the slow decrease of heat between 1000 and 3000 metres of height to the absorption 
of light by the clouds, to the formation of rain, and to the dispersion of heat by 
radiation from the lower strata of the clouds. 

It may however be inferred from the above observations, that though the diminu- 
tion of heat as we ascend is not perfectly uniform, yet it may be considered as nearly 
BO for all heights that we can have access to. 

Lagrange is inclined to adopt the hypothesis of uniform decrease; but Euler 
considers that a harmonic progression is more in accordance with appearances. 

The late Professor Leslie has given a formula deduced from the capacity of air for 
heat under different degrees of density. His formula is this : h denoting the pressure 
of the barometer at the lower station, and /8 that at the higher ; then the differ- 
ence of temperature in degrees of the centigrade thermometer is represented by 

25.^ 

( /8 i 

Mr. Leslie admits that the co-efldcient (25) may require alteration, and that in 
many places it may better to take 30 for the multiplier in summer and 25 in 
winter. 

It is evident that in every climate a point of elevation may be reached, where it 
will be continually freezing ; and that the height of this point will depend both on 
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tbe local lituation of the place and the season of the year. Near the equator, Bougucr 
noticed that it began to freeze on the sides of the lofty mountain Pinchincha, at the 
height of 15577 feet above the level of the sea; whereas perpetual congelation was 
found by Saussure to take place on the Alps at the height of 13428 feet. 

A curve traced on the meridian through the points at which it constantly freezes, 
is called the line of perpetual congelation. 

The following table exhibits the vertical heights of this curve as computed by 
Kirwin, for every 5“ of latitude up to 80®; and a little way beyond that latitude 
the curve probably coincides with the surface of the earth. 


Lat 

Mean height of 
curve of 
perp. cong. 

Lat. 

Mean height of 
curve of 
perp. cong. 

Lat. 

Mean height of 
curve of 
, perp. cong. 

0 

feet. 

15577 

30 

feet. 

11592 


feet. 

3684 

6 

15457 

35 

10664 


2516 

10 

16067 

40 

9016 


1557 

15 

14498 

45 

7658 

75 

748 

20 

13719 

60 

6260 

80 

120 

25 

13030 

55 

4912 




l)f. Brewster, on the supposition established by Humboldt, that the line of 
constant freezing is different fiom that of perpetual snow, has given the following 
formula*. 

Let t = tbe mean temperature in degrees of Fahrenheit, and b = the latitude in 
degrees ; then the height in English feet of the curve of perpetu al con gelation is 
310 . t — 32®, and of the line of perpetual snow the height is 310 . t — 32“ + 48 1. 

Foi the Alps and the west of Europe in general t may be taken as equal to 
81^®. cos. /; and thence the above formuljB may be transformed into others, de- 
pending on the latitude only. 

The curve of perpetual congelation must evidently be higher in summer and lower 
in winter ; and though the diffeicnce is not great in tropical climates, in higher lati- 
tudes it is very considerable. 

PROBLEM XX. 

Of the attenuation of which some matters are susceptible : Calculation of the length 
to which an ingot of silver may be wire-drawn, and of the thickness of gilding. 

We shall not here examine the question which has so much engaged the attention 
of philosophers, whether matter be divisible or not in infinitum. To resolve this 
question, it would be necessary to be acquainted with the ultimate molecul® or 
elements of bodies, which in all probability are placed beyond our reach. But nature 
and art present to us some instances of the attenuation of matter, which, if they do 
not prove its divisibility in infinitum, prove at least that the boundaries of this divi- 
sion are removed beyond what the imagination can conceive. 

The ductility of silver and gold suppUes us with two of those examples furnished 
by art. An ounce of gold is a cube of 5J lines on each side ; so that one of its faces 
will consequently cover about 27 square lines. This cube a gold-beater reduces into 
leaves, which, all together, would cover 146 square feet. But 27 square lines are 
contained 111980 times in 146 square feet, consequently the thickness c this gold 
leaf is tbe 11 1980tb part of 5^ lines, or tbe 21584th part of a line. 

But we can go still farther; for this attenuation is nothing in comparison of the 
following. 
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A eylindrie ingot of tilw, weighing 45 meres, about 22 Inches in length and la 
in breadth, is covered with six ounces of gold reduced to gold-leaf. The thJckn 
of the gold in this state, called gilding, is shout the I5th pvt of a line. But oT 
one ounce of gold may he employed ; and in tbu case the thicknesa of the gilding wiU 
be only the 90tb part of a line. 

The ingot thus gilt is made to pass through several boles in succession, each smaller 
than the other, till it is reduced to a wire of the thickness of a hair. M. Reaumur 
took a wire of gilt silver, draum out in this manner, and having weighed half a grui 
of it, \vith the greatest nicety, measured its length, which he found to be 202 feet : 
whence it is easy to conclude that the gros must have been 404 feet in length ; the 
ounce 223*2, the marc 23850, and the 45 marcs 1103520 oi 90 leagues of 2000 toises 
each. Here then we have an ingot of silver, 22 inches in length, drawn out in such 
a manner as to form a wire of 90 leagues in length. 

Nay more, this gilt wire is made to pass between two rollers of polished steel, to 
flatten it and reduce it to a thin plate. This operation, by rendering it g rf a line in 
breadth, lengthens it a seventh part more at least; so that the wire b> these means 
is converted into a thin plate 110 leagues in length, with the thickness of the 250th 
part of a line. In regaid to the gold it will be found that its thickness is only the 
59000th part, and even the OOOOOth pari ol a line. 

Thus, if we suppose the ingot of silver to have been gilt with two ounces of gold, 
its thickness would be tlie 175000th part of a line; and supposing only one ounce 
of gold, the thickness would be the 350000th. Rut as there are some places of 
the plate unequally gilt, if we suppose that these are a half less than the rest, it 
will he found that the thickness of the latter will be only one 525000th of a 
line. 

Lastly, it is well known that this plate may be made to pass a second time under 
the steel rollers, bringing them nearer to each othei , in such a mHiiner as to render its 
bieadth double ; hence it follows that in the lattei state there are parts of the gild- 
ing where its thickness is only the lOOOOUOth part of a line; which is in the same 
proportion as a line is to the length of 1200 toises, or half a league. 

It is however certain that these gold particles have mutual adhesion and continuity ; 
for if this silver wire be immersed in aquafortis, the silver will be dissolved and the 
gold will remain like a small hollow tube. Lastly, if the gilding be viewed through 
a microscope, no trace of discontinuity will be observed. 

As the ductility of gold is far greater than that of silver, a much longer wire might 
be made with an ingot of gold of the same weight. But can we believe what is 
related by Muschenbroeck on this subject? This pbilosopbcr says that an artist of 
Augsbourg made a gold wire weighing only a grain, which however was 500 feet in 
length. He could therefore have made a gold wire a league in length, and weighing only 
a dram, or the third of a gros ; a wire 24 leagues in length would have weighed only 
one ounce; and with a pound of gold he could have made a wire 192 leagues in 
length. A wire of this size, capable of encompassing the globe of the earth, would 
have weighed only about .W pounds. 

But we can shew that a thread, the work of an insect, surpasses in fineness the wire 
ascribed to the artist of A ugsbourg. It has been observed that a single thread of silk 
360 feet in length, weighs a grain; 24 grains therefore will give 1440 toises, and 30 
grains a league of 2160 toises: an ounce of this thread will extend 16 leagues, and 
a pound 128: in short, a thread of this kind capable of encompassing the globe of 
the earth would weigh no more than 70 marcs, or 35 pounds. We shall here add, 
that the thread of a spider’s web, which is much finer and lighter than the thread of 
a silk-worm of the same length as the above, would weigh only two marcs, or a 
a pound. 
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PROBLEM XXL 

CanHnmHon of th§ tame sui^et: Divition of matter in the solution of bodies t end in 

odours and light* 

But new subjects of admiration present themselves to us in the prodigious small, 
ness of some parts of matter : these we shall here add, with an account of their 
affinity. 

Metallic solutions afford the first example. Dissolve a grain of copper in a sufficient 
quantity of volatile alkali ; and you will obtain a liquor of a blue colour. If you 
pour this solution into three pints of water, the whole water will be sensibly coloured 
blue. But three French pints make 144 cubic inches ; and as each inch in length may 
be divided into lines, then into tenths of a line visible to the eye, it will be found 
that in these 144 cubic inches, there arc 248832000 of such parts, every one of which 
is coloured blue. A grain of copper is divided then, by these means, into at least 
248832000 parts. But we shall go still farther; each of these parts may be seen by 
a microscope that magnifies objects 100 times in length, consequently 10000 times 
in surface ; and every one of them will be found to be coloured ; if we therefore 
multiply the above number by 10000, or add to it four ciphers, we shall have a 
grain of copper divided into 2488320000000 parts, visible to the eye, at least when 
assisted by the mi^ioscope. 

Let us now proceed to odours. It is said that a grain of musk is capable of per- 
fuming, for seveial years, a chamber 12 feet in every direction, without sustaining 
any sensible dimini'tion in its volume, or its weight. But a space such as the above 
contains 1728 cubic feet, each of which contains 1728 cubic inches, and each of these 
1728 culiic lines ; so that the number of cubic lines is the third power of 1728. It is 
probable, that every one of these cubic lines contains some of the odorous particles; 
the air of the chamber may in the course of several years be renewed 1000 times ; 
and the grain of musk, without sensible alteration, may furnish new odorous particles. 
In calculating the tenuity of each of these, the imagination is lost. 

However, notw'ifhstanding the tenuity of these odorous particles, they do not pass 
through glass and metals ; and there are certain effluvia which penetrate them ; such 
as those of luminous bodies or light, magnetism, and electricity. IIow great then 
must be the tenuity of the particles of which these consist I But we shall coiitiiie our 
observations to light. 

If those particles, the emission of which are supposed to constitute light, were not 
of a smallness almost infinite, there is no body which could resist the action of the 
weakest light ; for their multitude, and the rapidity with which they proceed from 
the luminous body, are such, that without this prodigious tenuity light would break to 
pieces every body on which it might fall, instead of exciting in it that gentle vibration, 
that insensible tremulous motion, in which heat consists, when it has only the density 
of the light of the sun. 

Light, indeed, in a second passes over 128880 leagues, or 257760000 toises ; con- 
sequently, if a particle of light were only equal to the 257760000th part of a grain of 
lead, a line in diameter, it would make on our organs the same impression as a 
similar grain of lead impelled with the velocity of a toise per second. There is no 
doubt that such an impression would be very sensible to the delicate parts of our 
bodies. But w'hat would it be if millions of millions of such globules should strike 
against it, and be follow'ed at an interval of time infinitely small by a like quantity 
of others, as is the case when our body is exposed to the light ! No human being could 
resist it. 

The tenuity of a particle of light then is still far below that which we have 
assigned to it as its first limits. Let us endeavour to determine another, that may 
approach nearer to the truth. 



litter will be found by cilftikdon to bo 2S5OOOO0OOO iim^ weaker 
II if bettdei very probable, that in the pupil of the eye, which «t that distance 
beholdf the light of the glow-worm, there if no part which is not itself sensibly en. 
lightened : let us suppose it to be a square line of surface* and that this square line 
i« divided into lOUOO sensible parts j every moment therefore there are 10000 globules 
of light, which reach the retina, united in one imperceptible point, and with the 
velocity of 257760000 toises per second, without producing however a sensible 
impression, and even scarcely the perception of light. 

If we suppose the same quantity of globules of light thrown by the weakest 
light on a square line of surface, it will be found that in a line square of the sun s 
light, there are 6*25000000000000, and in an inch 900n0(x)0000000000. This quan- 
tity of globules, moved with the velocity of 2577G0000 toises per second, and 
renewed perhap'% a thousand times in that interval, would produce however in the 
palm of the hand hut a slight sensation of heat; and hence there is reason to eon- 
ciude, that 000 thousand millions of millions of these particles, moved with the 
above velocity, make less impression than the shock of a leaden hall, a line in dia- 
meter, which falls from the height of three feet. And hence arises this new’ con- 
sequence, that if we suppose the particles of light to have the same density as lead, 
each of them, compared with a ball of lead a line in diameter, is in a less ratio 
than a 257760000tU by OOOOOOOOOOOOOi ‘000, or a 23iy84(K)OOU0(HMM)0OOO0(XMX)Oth 
part to unity. 

Such, then, at least, is the tenuity of the particles of light ; and by other reason- 
ing perhaps wc might prove that it is still much rarer ; so that in all probability llic 
above ratio must be reduced to that of unity to a eoinpnrative number of 30 or 35 
figures. But we shall confine ourselves to what has been already said, because it is 
sufficient for our purpose, and to shew, ns w’c have done elsewhere, that the sun, for 
several successive ages, may furnish, w'ithout any rcnaible diminution, sufficient 
matter for the enu‘«sion of the light which proceeds from him ; and this may serve 
to answer an objection which has been made to the Newtonian theory of light. 

PROnLF.M XXII. 

What velocity ought to be given to a cannon bullet^ in a horizontal direction, to prevent 
it from falling to the earth, and to make it circulate around it like a planet, suppos- 
ing the resistance of the air to be destroyed f 

If a cannon bullet be filed off in a hurizontul direction, from the top of a mountain, 
it will fall to the earth, as is well known, at a certain distance. If wc now suppose 
that the velocity communicated to this bullet is more and more inci eased, it will 
fall at a greater and greater distance ; for the painbola, or rather ellipsis, it describes, 
will be broader and broader. We may therefore conceive the velocity to be so great, 
that the bullet shall fall to the earth at the point diametrically opposite to that from 
w’bich it W’as fired. In this case, if the velocity were increased ever so little, the 
bullet would not touch the earth, but would return to the point from which it set 
out ; describing a line similar to that which it before described. It would then con- 
tinually move in an elliptical line, around the earth, and really be a small planet, 
performing its revolution around it. 

The question then is, to find what would be the periodical time of this revolu- 
tion ; for by knowing this time, we could easily find the velocity of the small planet. 
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or tbatwitb wbieb the bullet set out; because nothing would be necessary but to 
divide the space passed over, wbicb in this case is nearly Ibe circumference of tbe 
earth, by the time employed In passing over it. 

Tbe solution of this* problem may be easily deduced from tbe celebrated rule of 
Kepler ; for if we suppose our small planet in motion, it must, compared with tbe moon, 
perform its revolutions in such a manner that tbe squares of the periodical times shall 
be as the cubes of tbe distances. But the mean distance of the moon from the earth 
is 60 semi-diameters, and that of. the small planet will be equal to the earth’s radius, 
or 1 semi-diameter. We shall consequently have this ratio, as the cube of 60 or 216000 
is to 1, so is the square of the periodical time of the moon to the square of tbe periodi- 
cal time of the small planet. But the periodical time of the moon is 27 days 8 hours, 
or 656 hours, the square of which is 430336 ; if we then say, as 216000 is to 1, so is 
430336 to a fourth term ; we shall have for this fourth term ; or in decimals 
1*9923 ; the square root of which 1*41, will express the number of hours employed by 
tbe small planet in its revolution. But 1*41 in hours and minutes is equal to lb. 24m. 
368. The small planet, therefore, would perform its revolution in that time ; Which, 
supposing a great circle of the earth to be 24000 miles, gives nearly 282 miles per 
minute, or 4*7 miles per second. 

If a velocity greater than the above, but less than 149J leagues, were given to 
this body, it would describe an ellipsis, the perigeum of which would be in tbe 
point of departure. If the velocity of the projection were 149^ leagues per minute, 
or greater, tbe body would not return to the earth ; for in the first case it would de- 
scribe a parabola, the summit of which would be in the point of projection, and in 
the second it would describe an hyperbola. 

PROBLEM XXIII. 

Examination of a singular opinion respecting the Moon and the other planets. 

It has been said, and the singularity of tbe conjecture has given it some importance, 
that tbe moon may be nothing else than a comet, which in approaching to or receding 
from the sun. and passing at the proper distance from the earth, may have been 
diverted from its course, and thus have become that secondary planet which accom- 
panies our eaith. For, if we suppose that such a comet, having only the projected 
motion necessary for describing a circle around the earth, at the distance of 60 semi- 
diameters from its centre, really passed at that distance from our globe, and in a plane 
inclined to its orbit, it must necessarily, say some philosophers, have become our 
moon. 

This conjecture is supported by some remarks which seem to give it a certain 
degree of probability. The moon, say they, when viewed through a telescope, pre- 
sents the appearance of a body which has been torrefied ; the cavities interspersed over 
its surface seem to be fissures, occasioned by the intense heat which caused the mois- 
ture it contained to escape in vapours; and they add, that no appearance of humidity 
now remains in the moon, since it has no atmosphere. All this agrees exceedingly 
well with a comet, which has passed very near tbe sun. 

It is also to be observed, say they, that the largest planets, such as Jupiter and 
Saturn, have several satellites ; for as their attraction extended much farther than 
that of the earth, they had a far greater power over the comets which passed in their 
neighbourhood, the motion of these comets having been besides lessened in conse- 
quence of their distance from the sun. The small planets, such ns Mercury, Venus, 
and Mars, have no satellites, on account of the smallness of their size, and the 
velocity with which comets pass them, in advancing towards, or receding from the 
sun. 

These ideas are ingenious ; but this assertion or conjecture, when examined accord- 
ing to the principles of geometry, cannot be maintained. 
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It i8fi[>und, indeed, by calcnlation, that whatever may be the position or magnitude 
<ii the orbit of a comet, it cannot, when it passes near the orbit of the earth, have 
the velocity necessary to make it become a satellite to it, whatever may be the proxi. 
anity at which it passes ; for it can be demonstrated that every comet, when it 
approaches the sun within a distance equal to that of the earth, has at that moment a 
velocity in its orbit, which is to that of the earth, as 2 is to 1, or as 1414 to 
1000. But this velocity is far greater than that of the moon in her orbit, and even 
greater than that of a planet which should circulate almost at the surface of the 
earth, as the following calculation will shew. 

The earth in about 365 days passes over an orbit of 597 millions of miles in cir- 
cumference: its velocity then in its orbit is such, that it passes over in a day 
1635616 miles; in an hour 68150 ; and in a minute 1136; therefoie, if we multiply 
the last number by we shall have nearly 1606 miles for the space which every 
comet, when it arrives at the dLtance of the ctirth from the sun, necessarily passes over 
in a minute. 

Let us now examine that of the moon in her orbit. The mean diaMcter of the 
moon's orbit is about 60 times the earth's diameter ; consequently its circumference 
will be 188 of these diameters; which, estimating the earth’s diameter at 8000 
miles, gives for the circumference of the lunar orbit 1504000 miles. This space the 
moon passes over in 27 days 8 hours, wanting a few miiiutes ; or 27^ days ; the 
moon therefore in her orbit passes over in a day 55024 miles ; in an hour 2293, 
and in a minute 38. Hence it is evident, that if a cornet should pass at a distance 
from the earth equal to that of the moon, which the comet transformed into our 
satellite might do, it could have a velocity of no more than 38 or 40 miles per minute, 
instead of 1606, which every comet necessarily has at that distance from the sun. 
The moon then could not be a comet, which passing too near the earth was, as wc 
may say, subdued and carried away by it. 

Let us now see whether the comet in question, by passing much nearer the earth, 
and even close to its surface, could be attracted by it. We shall tind, by a similar 
calculation, that it could not circulate around the earth ; for we have already seen 
that a body, to circulate round oui globe near its surface, would leqiiire a velocity 
of almost 300 miles per minute. But this is far below the velocity which a comet 
passing very near the earth would necessaruy have ; for if a body should fie pro- 
jected from the summit of a mountain, towards the East or West, with the velocity 
of J600 miles per minute, it would recede from the earth without ever returning to it, 
that velocity being much greater than is necessary to make it describe around the earth 
any ellipsis whatever, or even a parabola. 

Here then the Earth, and no doubt Mars, is excluded from the privilege of ever 
being able to obtain n satellite in that manner, and this will bold good much moie 
in regard to Venus and Mercury. But is this the case with Jupiter and Saturn? 
We shall examine this question also, by employing the same kind of calculations. 

The velocity of Jupiter's revolution around the sun, is 494 miles per minute; 
consequently the velocity of every comet advancing to, or receding from the sun, 
when at the same distance as Jupiter from that luminary, will be about 700 miles in the 
same time. It is found that the velocity of the first satellite of Jupiter, in its orbit, is 
37366 miles per hour, or 622 per minute : the velocity then of every comet which should 
pass Jupiter at the distance of his first satellite, would necessarily be rather more 
considerable, being about a seventh part more. Hence it follows, that neither the 
first satellite nor any of the rest was originally a comet, which this large planet 
appropriated to itself ; for the other satellites have a velocity still less than that 
of the first. 

It now remains to determine whether a comet, in passing near Jupiter, could be 
stopped by it. This indeed docs not appear to be absolutely impossible : for a so- 
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tellHe which should pertorm its revolu^n near the surface of Jupiter would 
employ a little more than three hours ; which gives a velocity of 1557 miles per 
minute. But we have already seen that the velocity of the comet would be no more 
than 700 ; which therefore is not too great to make a body describe even a circle 
around Jupiter, very near his surface. If a comet then, in advancing to or returning 
from the sun, should fall into the system of Jupiter, between hinymd bis first sa> 
tellite, it might continue to circulate around that planet in an orbir, if not circular, 
at least elliptical, and more or less elongated. 

For let us suppose ab (Fig. 16.), to be the orbit 
^9* ^0. of Jupiter; and that this planet is at z, proceeding 

towards b, and that the comet is in c, proceeding to« 
wuids D, at an angle of about 45 degrees; and that 
c D denotes the velocity of the comet, which we have 
found to be greater than that of Jupiter in his orbit. 
If D E be made equal to the velocity of Jupiter, c b 
will be the velocity of the comet, and even its route, in regard to Jupiter, supposed 
to be fixed and without any action on the comet. But on account of this action it 
would describe an inflected route, such as c f, which would make it fall almost in a 
perpendicular direction on the oibit of Jupiter, and with a velocity but little greater 
than that of the first satellite. If at the moment then when Jupiter was at the 
point I, so situated as to make i f less than the distance of Jupitei from his first 
satellite, we do not see what could prevent the comet fiom assuming around him 
that circular or elliptical motion suiced to its projectile force ; and if it should per- 
form the revolution once, it is evident tlict it ought to continue it. 

We however confess, that we have not yet examined this point so far as to be 
able to assert that it is fully demonstrated. To be assured of it, the following 
question, which is only a branch of that of the three bodies, but which would require 
too much intricate analysis for this work, must be answered. Two bodies, i and c, 
(Fig. 17.), which attract each other in the inverse 
Tatio of the squares of the distances, and in the direct 
ratio of their masses, being projected from the points 
/ iid c, according to the directions i b and c a, with 
given velocities, to find the curves which they w6uld 
describe. To simplify the problem, we might even 
suppose one of them, i, to be so large in regard to the second, as to be scarcely 
tunied aside from its course. 

' PKOBLEM XXIV. 

How far i$ there reason to apprehend the shock of a Comet; and what devastation 
would he thence occasioned on the earth f 

What has been said respecting comets in the preceding problem, naturally leads 
us to examine a question become celebrated by the alarm it occasioned at Paris some 
years ago. In the year 1774, a Memoir was written by one of the Academicians, 
of which an incorrect account was propagated, and in which it was said the author 
announced the speedy approach of a comet to tie earth, and that the efifect of this 
approach would be at least a rising of the waters of the ocean, so as to overwhelm 
our continent. In consequence of these reports, the people of that capital were 
thrown into the utmost consternation and uneasiness. 1 knew some women wbo 
were so terrified, that they did not close their eyes for several nights successively ; 
knd I was even obliged, in order to quiet one of them, to assure her that a very 
great error hau been found in the Academician’s calculation, and that, on this ac- 
count, ht had fallen into disgrace with the Society to which he belonged. The mo- 
tive, I hope, will plead my excuse with that illustrious astronomer. 1 am certuii 
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that in to food » cmte lie would htre indulged io the tsmo innocent deception ; foi 
the fdijeet was nothing Icm than to restore rest, and their A>nner lustre, to two ej^es 
capable of deranging the observations of the most insensible astronomer. But how. 
orer, as 1 have always been devoted, notwithstanding my taste for the abstract sciences, 
to t^t ebarming portion of the human race, 1 shall endeavour to tranquilliae them, 
and to prove that the danger of being crushed or inundated by a comet, is not so great 
as to disturb thw repose. 

Astronomers long ago conjectured that a comet might become fatal to the earth. 
The celebrated Wbiston, whose imagination was rather too powerful for his rea. 
soning faculty, observing a comet, viz. that of 1680, accompanied with an immense 
tail, began to conjecture that if any of the planets should happen to meet with this 
tail, it might by its attracdon condense its vapours, and be inundated by it. He 
supposed farther, that the deluge had been produced by the same cause : and added, 
that a comet, such as that above mentioned, if it approached near the sun in return- 
ing, might acquire a degiee of heat several thousand times greater than that of red 
hot iron ; and consequently might consume our earth. He was of opinion also, that 
the general eondagration, which is one day to destroy the globe we inhabit, will be 
occasioned in this manner. 

These ideas, in which there is more of singularity than truth, are a sufficient proof 
of what we have already observed in regard to Wbiston^s disposition. It is impos- 
Bible to say what might be the case, if a comet, heated to such a violent degree, 
should pass very near us. It is probable, considering the rapidity with which it 
Would move, when at its least distance from the earth, that we should not be much 
incommoded by it. In regard to the danger of being inundated by the vapours of its 
tail, it is entirely void of foundation ; for it may be easily demonstrated, that these 
vapours which float in a medium as thin as ether, must themselves be exceedingly 
rarefied. There is some reason to believe that all this immense tail, reduced to a 
fluid, such as water, would scarcely furnish enough for an abundant shower. In short, 
the comet alkided to, returns only about every 575 years ; consequently it will not 
appear again till about 448 years have elapsed. 

Dr. Halley considered this danger in another manner. This philosopher observed, 
that if the comet of 1680 .bad passed through the ecliptic 31 days later, its distance 
front the earth would not have been greater than the sun’s semi-diameter, which is 
about 441623 miles ; and be adds, there can be no doubt that such a proximity be- 
tween these two bodies would have occasioned a considerable derangement in the 
motion of the earth : such as a change of its eccentricity and periodical time. May 
the Author of nature, adds he, preserve us from the shock of these enormous masses, 
or even from their contact, which is but too possible ! He however remarks, that the 
highly varied position of the orbits of comets, and their inclination to the ecliptic, 
which in general is very great, seem to be arranged by the Author of nature to secure 
us from so fatal a catastrophe. 

As the astronomy of comets, since the time of Halley, has been enriched with 
the knowledge of very many new ones, it was natural to examine whether there 
was any of them which, by some change in their position, and the magnitude of their 
orbits, might become dangerous to our earth. This labour was undertaken by De 
la Lande, in consequence of the comet seen in 1770 ; and he found that there are 
some of them which, by changing their elements a little, might approach very near 
to the orbit described by our earth. He shewed, at the same time, that there is no 
great cause for being alarmed at this supposed danger, as several thousands might be 
betted to one, that if a comet should even pass through the earth’s orbit, these two 
bodies would not fall in with each other. 

This danger, as may be seen, was at a sufficient distance to give no great cause of 
apprehension ; but he added, that if we iffiould suppose such a comet to pass at the 
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distsnee of 45000 mllet, it would raise the waters of the ocean, and according to its 
position occasion a dux capable of covering our whole continent, and of sweeping 
away all its inhabitants, together with their habitations. This augmented the danger 
in a considerably degree ; for if 10000 could be betted to 1 that the earth and the 
comet would not be at the same time in the ecliptic, at the distance of a diameter of 
our globe, no more than 2000 could be betted to 1 that they might not be at the dis- 
tance of 5 diameters from each other, and consequently that we might not be drowned. 
But the stake is so great, that even this small chance cannot be considered without 
some uneasiness : and there are people who would not hold a chance in a lottery where 
there is only one blank to a hundred thousand prizes. 

But fortunately all these calculations are founded on suppositions which, though 
they may be realized in the course of ages, cannot take place in the present state of 
the universe ; for the orbit of no comet hitherto known falls in with the path described 
by the earth in the ecliptic. It is indeed true, that, as the orbits of the planets and 
comets are subject to insensible vanations, it may happen hereaftei that the orbit of 
a comet will intersect that of the earth; but unless it should abbulutely coincide 
with the plane of the ecliptic, that position can be only momentary ; and as the revo- 
lutions of the comets are exceedingly long, there is a great probability that this posi- 
tion will be changed when the comet passes the ecliptic. 

But let us suppose that this position is so constant, that a comet, when it passes 
the ecliptic, shall be exactly in the same plane, and in the path of the earth ; and let 
us examine, by consulting the laws of probability, what chance there is, that at the 
moment when the comet is in the ecliptic, the earth will be in a point sufficiently near 
to come in contact with it. The calculation is follows 

At the moment when the comet is in the ecliptic, there are so many positions for 
the earth in the same circle as there might be terrestrial diameters ; but only three 
of these positions are absolutely critical; for there is one which would give a central 
shock, and the other tw'o, at the distance of a diameter before or behind the place 
of the comet, would give merely a superficial shock. But it is found, that the cir- 
cumference of the earth’s orbit contains the diameter of the earth 72450 times ; and 
if this number be divided by 3, the quotient will be 24150. Hence if we suppose 
a comet to be in the path of the, earth, 24150 might be betted to 1, that the latter 
would not be exposed to any shock, even of the most superficial kind. We 
may add also, that this dangerous position of the comet is, as we may say, the 
affiur of a moment ; for in crossing the earth’s orbit, it has a velocity of 4000 miles 
per minute; consequently the danger would not last above 3 minutes. Some 
danger certainly might be apprehended if the earth, when a comet is in its proxi- 
mity, should move in so irregular a manner as to fall in with it, and to block up 
its way. 

The danger of our globe being inundated by the rising of the waters of the ocean 
is still more unfounded, even if the comet should pass at a very moderate distance 
from it, such as that of 36000 or 40000 miles, which is about a sixth part of the 
distance of the eaith from the moon. It is indeed true, that if we suppose a comet 
to fall in exactly with the orbit of the earth, it is only 1 to about 7*200, that our 
globe may not be at a greater distance from it than four or five times its diameter ; 
but the rapidity with which the approach would take place, and with which the two 
globes w'ould afterwards recede, would not allow the waters sufficient time to rise so 
as to inundate our continent , for a certain period would be required to communi- 
cate to the enormous mass of the waters of the ocean such a movement as that 
of the flux and reflux. A proof of this is, that the flux, even in the open seas, does 
not happen till some time after the moon’s passage of the meridian ; and that the 
high tides, at the new and full moons, do not occur on those days, but on the 
following ones. But if a comet should arrive at the earth’s orbit, it would traverse 
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our liimtr iyittftt iiw1|jr in ibe eoom 6f an nottr ; eotiseqiieiitiljr ft nonld produea 
M my aUglit mc/tion in tlie open neat, tneb aa the Faeifie Oeein« Some of the 
amaH liknida interapersed in it, which are almoat on a lerel with the water, might 
ho overwhelmed i but our continent would abiolutely be ihelterod fnm aueh a mig. 
fiirtune. 

The moat aingular drcumatance, in regard to the terror apread tbroughont Paris, 
in eonaequence of an incorrect account being propagated of M. de la liaide'a Memoir, 
was, that the greatest danger to which the earth had been exposed in the course 
of several ages, was then past ; for of all 4he comets hitherto known, that of the year 
1770 approached nearest to the earth. On the first of July it was at the distance of 
S250000 miles, whidi is only about nine times the moon's distance from the earth. 

We shall here observe, that a comet, nearly as large as the earth, and traversing 
the heavens with a velodty equal to that above mentioned, would be a grand and 
magnificent spectacle to astronomers. What a noble phenomenon, a new star, 
of nearly nine degrees apparent diameter, passing over by its own motion about 180 
degrees of the heavens in the course of two hours ! What astronomer would not 
wish to behold such an uncommon phenomenon, were it even to occasion some ca* 
tastrophe to the small uninhabited and already half inundated islands of the vast 
ocean ? 

It has however been calculated, that this can never take place, without some great 
derangement in the motion of our globe. M. de Sejour has found, that if a comet, 
as large as the earth, should pass it, at the distance of about 40000 miles, it would 
change its periodical revolution ; and this revolution, instead of 305 days 0 hours 
and some minutes, would become 367 days and some hours. But no physical evil 
would thence result to the universe. Astronomers indeed would have to recalculate 
their tables, Hhich would be thus rendered useless; ohronologists would be under 
the necessity of altering their method of computing time, and states would be 
obliged to change their calendars ; but this would only furnish matter for new specu* 
lations, and afford more occupation to the learned. 

Recent observations on comets shew that their density is in general exceedingly 
small. Stars invisible to the naked eye w'ere seen through the centre of Biela’s 
comet ; and though the motions of some comets have been sensibly deranged by the 
attraction of planets near which they have passed, when in the vicinity of the sun ; 
the motions of the planets or of their satellites have not been affected in the slightest 
observable degree by the attraction of the comets. It is probable, therefore, that a 
direct concussion between a comet and a planet would not, to the latter, be an affair 
of serious moment. 


THEOREM 

^ pound of cork weighe more than a pound of lead or of gold, — A hodg weigke more 
in ftummer than in winter. 

These two propositions, on the first view, may appear to some of our readers 
a paradox; but when they have read the following reflections, the paradox will 
vanish. 

When bodies are weighed in air, which is commonly the case, they are weighed in 
a fluid which, according to the laws of hydrostatics, always destroys a portion 
of their weight equal to that of a similar volume of the fluid : hence a cubic inch 
of lead or of gold, for example, when weighed in air, loses of its absolute weight a 
quantity equal to the weight of a cubic inch of air ; and the case is the same with 
ill other bodies. A pound of cork, under tbe same circumstance, loses a quantity 
of its weight equal to that of a volume of air of the same size as the cork. But 
the volume of a |»ound of cork is much greater than that of a pound of gold or 
of lead : consequently a pound of cork, when weighed in air, haa a greater absolute 
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weight than a pound of gold i becauee* tbough the weight of the fonner be dimU 
niihed by the weight of a greater quantity of air than the latter, they still remain 
equal* 

This reasoning is confirmed by experience i for if a pound of gold or of lead, and 
a pound of cork, suspended from a good balance, be brought into equilibrium, and 
if the whole be then covered with the receiver of an air-pump ; when the air is 
exhausted, the cork will be immediately seen to preponderate. In this case, indeed, 
the weight of the cork is increased bj the weight of an equal volume of ait ; and 
that of the gold is also increased by the weight of a volume of air equal to itself. 
But the former is much greater ; consequently the equilibrium roust be destroyed, 
and the cork roust pi eponderate. Having thus explained the first paradox, we shall 
now proceed to the second. 

In summei the air is dilated by the heat, and its density being thus lessened, the 
necessary result is, that the same volume of air is lighter ; consequently eadi of the 
bodies, brought into equilibrium, loses less of its weight than when the air is denser. 
But this effect is not produced in the same proportion : the pound of cork, for 
example, in common air loses 4 grains of its weight, and therefore has an absolute 
weight of 1 pound 4 grains; while the pound of gold, losing only half a grain, 
weighs in reality 1 pound and half a grain. In air, dilated so far as to weigh a half 
less, a volume of air equal to the volume of cork will weigh only 2 grains ; and the 
volume of air equal to that of the gold will weigh no more than a quarter of a grain ; 
hence the pound of cork weighed in common air will weigh in this rarefied air 1 
pound 2 grains ; and the pound of gold one pound and a quarter of a grain :* the 
cork therefore will preponderate. 

Coronaries , — I From what has been said this consequence may be deduced : that 
can weights in equilibrio at the surface of the earth, will not be so when carried 
to the summit of a mountain. For, on the summit of a mountain the air is more 
dilated, and theiefore, according to the above reasoning, the equilibrium will be de- 
ranged, and the mo»t voluminous body will preponderate. 

II. The contiary will be the case if the bodies be in equilibrio at the summit 
of the mountain, and be then weighed at the bottom of it; or if they be weighed at 
the surface of the earth, and be then carried to the bottom of a mine. In this case, 
the most voluminous will become the lightest. 

III. It would therefore he attended with advantage to purchase gold in summer, 
and sell it in winter ; or to purchase it in a cold place and to sell it in a stove. For 
gold is generally weighed with copper or brass weights, which in summer lose less 
of their absolute weight t]^n they do in winter : hence it follows, that in sum- 
mer they weigh more, liy these means, therefore, a larger quantity of gold will 
be obtained in summer than in winter; consequently, by selling it in winter the 
buyer will get less. 

In purchasing diamonds, a contrary method ought to be pursued, because they 
are weighed with copper weights, which are specifically heavier. If a weight of 
copper then be in equilibrio ^ith a weight of diamonds, in air of a mean temperature ; 
on transporting them into cold air, the copper will preponderate ; and the contrary 
will be the case when they are transported into warmer air. Diamonds therefore 
ought to be purchased in cold air, or in winter, and to be sold in summer, or in 
warm air. 

The difference in both cases is however so small, that it would be a poor ipecnki- 
tion to purchase diamonds in winter, with a view of selling them in summer, or to bny 
gold in summer in order to dispose of it in winter. But the spirit of the matlieinatica 

• The weights here given by way of example, are Pireaoh, 
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Let M tnppoto a ManoO (P%. iA) oM anofool flumi, a b 
and B i>, to be loaded with the two weigbtf p and o, whicli »re 
in eqoilibrio, and therefore unequal: if the balance be In a ho. 
rizontal situation, these weights, as they tend to the centre of the 
earth, which we suppose to be o, will iotm with the balance the 
unequal angles o a b and cob: consequently the angle a, at 
the larger arm, will be the least. From the point b, let fall 
on the lines of direction a c and o c, the perpendiculars b b 
B F : by the laws of mechanics these perpendiculars will he in 
the reciprocal ratio of the weights, so that b k will be to b f, in the same ratio as the 
weight p to the weight q : that is to say, the product of p by b t will be equal to that 
of Q by B B. 

Now let the balance be removed nearer to the centre of direction; or what 
amounts to the same thing, let the centre be brought nearer, as to c for example, 
by which means the new directions will be a c and i> c ; and let b e and b / be 
the new perpendiculars to these lines of direction: if the ratio of B/to b e be 
the same as that of b f to b e, or of q to p, there will still be an equilibrium ; 
hut it may be easily demonstrated that this ratio is no longer the same : conse- 
quently the product of q by b e, will not be equal to that of p by b/ ; and therefore 
there will no longer be an equilibrium It can even be shewn that, when the centre 
is brought nearer, the ratio of b e to n e will be less than that of b / to b f ; 
hence it follows that b e will be less than is required to make these ratios equal ; 
and in this case the weight nearest the point of suspension will preponderate. 

For the same reason the contrary effect will be produced, if the balance be re- 
moved fisrther from the centre, by transporting it, for example, to the summit of a 
mountain. 

It may here be asked, why does the equilibrium subsist, notwithstanding tnis 
demonstration? The reason is plain : the centre of the earth is always at so great 
a distance compared with the length of such a balance, that the lines of direction are 
sensibly parallel, at whatever height or depth above or l)|Iow the surface of the earth 
they may be placed. The difference therefore from an exact equilibrium is so small, 
that it cannot be observed with the most perfect balances constructed by the art 
of man. 



PROBLEM XXV. 

0 /* the Central Fire, 

Those acquainted with the phenomena observed by different philosophers, in 
the interior parts of the earth, cannot help acknowledging that the surface, even 
in our climates, is subject to vicissitudes of heat and cold which we experience. At 
a certain depth, not very great, for it is sufficient to descend only about a hundred 
feet, the beat is constantly the same, that is to say, about 10 degrees of Reaumur's 
thermometer, or 54^ of Fahrenheit. This is observed the same in all climates 
and in all countries. 

It is evident, therefore, that the earth, independently of the variable heat of the 
sun, has a source of beat peculiar to itself, from whatever cause it may arise* 
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Nay, w« aball here aliew tbat tha degree of heat wkieh the presence of toe tun, 
during sevefal oionthi of the year, adds to the interiMil beat of the earib, or that 
which it loses by bis absence, is only a small part of the internal heat. 

T*o suppose indeed that the degree of cold which ireeies water u tae sero, 
or the 0 degree of heat, would, as before obsenred, be erroneous; for beat 
and cold are merely relative terms. If the commote liquors of our earth were 
of the nature of spirit wine, as the fluids of our bodies would Aen be 
proof against congelation, unless they were exposed to a dimiiuitkm of beat 
beyond that at which spirit of wine flreeses, it is more than probalde that we 
should experience no disagreeable sensation by living in a temperature siiaiiar to that 
which congeals water ; on the other hand, if our liquors were of such a nature 
as to freeze at the degree at which wax begins to become fixed, we should prohubly 
experience at this temperature the same sensation as we experience at that which 
congeals water. Every degree above that term would be heat, and every degree be- 
low it would he cold. 

Besides, there is no doubt that an absolute degree of cold would congeal all liquors. 
But spirit of wine congeals only at 29 degrees below zero of Reaumur's thermometer : 
there is still heat therefore at 28 degrees, though, on account of the disagree- 
able sensation which we experience, we call it severe cold. We cannot how- 
ever suppose that this is the ultimate degree of cold. Several reasons, which it 
would be too tedious to explain here, give reason to think that this absolute de- 
gree of cold is a thousand degrees, at least, below the zero of Reaumur’s ther- 
mometer. 

But let us confine ourselves to the 240th degree, which we shall assume as that of 
the absolute privation of beat, and let us suppose a thermometer the zero of which 
is placed at that term , or let us substitute, in one of our common thermometers, the 
degree 240 for that usually marked zero, which is only the degree* of the conge- 
lation of water : in this case we shall have 250 degrees for the term which we call 
temperate. But taking the mean degree of heat during summer in our hemisphere, 
it will be found, tliat it does not exceed 26 degrees above that of the congelation 
of water, and consequently 16 above temperate: hence we have for this degree 
of heat the absolute degree of 266. The thermometer therefore will vary from 
temperate to4;he greatest heat 16 degrees in 250, which is somewhat less than the 
15th part. 

It will be found, in like manner, that the jpean degree of the cold of winter, in our 
northern hemisphere, is 6 degrees below congelation, according to the rate of Reau- 
mur’s thermometer: that is to say, 16 degrees below temperate: hence the mean 
diminution of heat below temperate, occasioned by the absence of the sun, is about 
a 15th part of the heat marked by the degree 10. Hence it follows, that from winter 
to summer, the variation of the heat is at most only or as 7 to 8. But it is highly 
pro^hle, as M. de Mairan has shewn, in the Memoirs of the Academy, for 1765, and 
Bufion in the supplement to his Natural History, that the ratio of this variation is 
much less. 

The former fixes it at i, or as 31 to 32 ; and the latter at or as 50 to 51. 
But let us confine ourselves to the ratio we have formed, in order that we may set 
out from a principle fully proved. 

The conclusion we thence form, and it is a consequence which cannot be denied, 
is as follows : In the globe of the earth there is a degree of constant heat, which is 
at least 7 or 8 times as great as l^at produced by the presence of the sun while be 
illuminates it in the most advantageous manner for beating it Here then we have 
a fire, or source of heat, which may be called central. It now remains that we ahotdd 
examine the cause of it 
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AttmAint to soim ptiiloiopliers, tbb fire is merelf the effect of the eontliiiial effer. 
foiheoeeocetsio^ the minerml niaetters tBcloted in the bowels of theeertb, when 
ineeteod become mixed with mtk oilier. Iron* whidi appeertto beimifemli^ 
dMRised thfoiigliout nature, and which communicates its colour to afgiUaoeous earths, 
p lO duces , as k well known, a Wolent efferrescence with the fitHolle acN^ which ig 
ato irery abundant. Hence, say they. Is the cause which exdtes and maintains in 
the bowels of the earth that continual fire by whidi h is heated, and which often 
manifests itself by the eruptions of volcanoes, dispersed in considerable numbers over 
ht surface: volcanoes according to these philosophers, are the chimneys or spiracles 
of this central fire. 

It would be difficult to shew the absolute falsity of this opinion : but it does not 
appear that a fire of this nature can be general throughout the bowels of the earth, 
liie number of the volcanoes, which exist at its suiface, is too small to have a cause 
so general : there are even very few of them that bum without interruption. The 
central fire, however, if it be real, must be constant and perpetual ; and therefore it is 
necessary that we should recur to some other cause. 

Another, which has long appeared to possess a great degree of probability, is as fol- 
lows. The central heat, say some philosophers, is nothing else than the heat which 
the body of the earth, continually warmed by the sun, has acquired in consequence 
of the presence of that luminary. But let us render this idea more familiar by an 
experiment. 

If a globe of iron, which revolves round its axis in a determinate time, and which 
has been cooled to the degree of ice, as well as the surrounding air, be exposed before 
a fire, the impression of the fire will first beat the surface, and the heat will gradually 
penetrate to its interior parts; so that after a great number of revolutions the globe 
will acquire such a degree of internal heat, that it will be incapable of receiving more ; 
and the presence of the fire will only serve to make it retain that which has already 
been communicated to it. 

It may be readily conceived also, that the nature of the globe, or its distance rrom 
the fire, may be such, that this constant degree of heat shall not be very remote from 
that of the congelation of water. 

In this case, what will be the result? as it is the surface of bodies that always 
begins to lose the heat they have acquired, because it loses more by its contact with 
the air than is furnished to it by the interior parts, it will necessarily happen, if the 
surrounding air be nearly at the degree of congelation, that the part of the surface 
which is illuminated obliquely, or that which by a slower revolution is opposite to 
the side next to the fire, will lose a little of its beat ; and as we suppose the mean 
beat, which the globe has acquired, to be not far distant from the degree of congela- 
tion, like the temperature of the earth, the surface, in those parts less favourably 
exposed to the action of the beat, may assume a degree of cold equal to that of ice. 
Consequently, if there were on the surface of this globe some matter, such as wax or 
water, susceptible of melting and congealing alternately, it would certainly expedience 
these alternations : it might even happen that it would remain constantly frozen in 
the neighbourhood of the Poles ; thus it would alternately melt and be congealed in 
the mean parts between the Poles aud the equator, and it would always remain fluid 
in the environs of the equator. 

But this is exactly what takes place at the surface of the earth : exposed for a 
great number of ages to the benign influence of the sun, the heat has been commu- 
nicated to its most interior parts, and this internal beat is what is called the central 
«ire ; it is continually receiving an additional quantity, and this makes up for the 
loss of that dissipated at its surface, by the contact of the air which is less heated. 
In a word, as the iron globe above mentioned, would possess to the depth of several. 
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liiMf htAffW it! titrfiuse, « aeat nearly oanftant, the oegree of heat whidi prevail to 
some depth hdow the tar^Me of the earth is» in like manner^ almoet invariable.* 

But it is diflioalt to beHeve tiiiat {he nuus of the e«ih» if deprived of all heat, 
and exposed to the tun, eould ever ao^iire that heat which it seems to possess. How 
many ages, or millions of ages, would he necessary^ before a hast, so feeble as that 
of the tun, could melt an ocean entirely congeal^ and insinuate itself into its 
bowels 1 In our opinion, the ice melted at the line by the presence of the sun would 
have been again congealed during the twelve hours of his absence ; so that the 
globe exposed in this state to the sun, would have remained in it to eternity, bad 
not some other powerful cause suddenly communicated to it that fund of beat, which, 
by vivifying nature, renders the earth habitable, and susceptible of vegetation. 

A third cause of the centrid heat remains to be examined : it is that of Buffon. 

According to this celebrated philosopher, the earth and other circum-solar planets 
were formerly a part of the sun, and were detached from its surface by a comet, 
which entering in to some depth, projected the fragments to different distances. 
While they were in a state of fusion, each of them, in consequence of the laws 
of universal gravitation, must necessarily have assumed a globular form. The more 
considerable masses, such as Venus, the Earth, Mars, Jupiter, and Saturn, being 
projected in this manner, flew off in a tangent, which, together with the attractive 
force of the sun, made them describe, around that luminary, orbits more or less 
elongated. Such of these new planets as had smaller fragments accidentally in their 
neighbourhood, overcame them in some measure; and these fragments, turning 
around the larger ones, in consequence of the same laws, became their satellites. 
In this manner, the Earth, Saturn, and Jupiter, acquired those moons by which they 
are accompanied. 

If this generation of the earth and circum-solar planets be admitted, it is evident 
that these globes were at first fluid ; and this may serve to explain their formation 
into oblate spheroids ; for the earth and other planets must have necessarily been, 
during the course of some time, either in a state of fusion or of semi-fluid paste; 
otherwise their diurnal motion could not have given them that form which they 
possess. But let us set out from their supposed state of fusion. Masses of so 
considerable a size as Venus, the Eaxth, &c., could not certainly cool in a day or a 
year, nor even in twenty centuries. They first passed from a state of fusion to that 
of solidity ; they remained long impregnated with a quantity of fire, which rendered 
them uninhabitable. At length tbeir surface has gradually cooled, till they retained 
only that degree of heat necessary for animal life, and to render them susceptible 
of vegetation. The interior parts of the earth still possess a more considerable 
degree of beat than the surface, and this heat must go on increasing towards the 
centre. Such is the central fire. 

But by a necessary consequence of the cause of this fire, it must always decrease, 
so that a small portion of it is every day lost. It appears indeed, that the fertility 
of the earth daily decreases, and that mankind degenerate, both in size xnd in 
strength. This diminution, however, cannot be proved; we have not been long 
enough possessed of an instrument proper for measuring heat ; it is not much above 
half a century since comparative thermometers were invented. But if it be found, 
500 years hence, for example, that the constant heat in the caverns below the 
observatory of Paris, is not more than 7 or 8 degrees, instead of 9}, which it is at 
present, the progressive cooling of the mass of the earth will be a feet which 
can no longer be doubted, whatever may be the cause of that heat, and of its de- 
crease. 


* We say utmost iavariable, ^ 
in subtemuieaa places, hat those 


we are acquainted wifii no obeervatione of the 
in the oavenu below the obsenratnry at Park. 
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Wt muii liowtm observe, notwitbetending our reepeet for tbe illuttrioui philo- 
Bopber wbo it the eotbor of this idea, that there are many difRculties in regard to 
this formation of the earth and planets, r/bich it is not easy to resolve* 
kt. If the planets were formed in ibis manner, it is diiSeuIt to conceive how the 
oomete could have a different origin : and if the latter were planets drculating around 
the sun, the Sovereign Cause, who arranged the universe, could, with equal ease, have 
formed the planets in tbe same manner. 

2nd. It seems difficult to reconcile with the laws of motion and universal gravita- 
tion, the position and dimension of the orbits of these new planets ; for according to 
what has been demonstrated by Newton and others, since they proceeded from the 
sun, in a line nearly a tangent to his surface, and from a point of bis surface, they 
ought at each revolution to pass through the same point : this however is not tbe 
case ; on the contrary, the orbits of the planets are nearly circular. 

It appears also, that in this projection the largest masses could not go to the 
greatest distances, and describe tbe largest circles ; it would seem that the smallest 
planets ought to be tbe most distant fiom the sun ; for if several bodies are thrown 
promiscuously by any force whatever, the smallest will be projected with the greatest 
velocity. 

In short, the effect of such a projection is beyond calculation ; and it may be said 
also that the comet in question, while it ploughed the surface of tbe sun, communi. 
cated to it an itnpulse which made it change its place. This comet indeed, which 
could carry with it at once such masses as the planets, must have been of an enormous 
size, and impinging against the sun with immense velocity, could not fail to cause a 
small displacement of that luminary, which is in the centre of our system, in a sort 
of inert state. 

Remark, — WTiatever may be the fate of these ideas, the following arc some of tbe 
consequences nhicb Buffoii deduces from bis system on the formation of the earth, 
and which aie too curious to he omitted in a work of this kind. 

Setting out from his principles on the formation of tbe earth and tbe planets, 
Buffon made a series of very curious experiments, to determine in w'hat ratio the re- 
frigeration of different masses of matter takes place, according to their nature and 
size ; and from these experiments he concludes : 

That a globe, such as Mercury, must have required 2127 years to be consolidated 
to the centre ; 24813 to become so cold that it could be touched ; 54192 to be reduced 
to its present temperature ; and in the last place, that it would require 187775 to be- 
come so cold as to have only the 25th part of its present temperature : for the sake of 
brevity we shall call these the 1st, 2d, Sd, and 4th epochs. 

That Venus must have employed 3596 years in tbe first epoch ; 41900 in the 
second ; 91600 in the third ; and that 228540 would be required for tbe fourth. 

That the earth employed in tba first epoch 2936 years ; in tbe second 34270; in 
tbe third 74800; and that 168125 will be necessary before its temperature is reduced 
to a 25tb part of what it is at present. 

Tbe earth therefore has existed 112 thousand years; and hence it follows, that 
Mercury passed the degree of tbe present temperature of tbe earth 30000 years 
ago ; and that it has even lost already six of the 25 degrees which remained to it. 

That the moon employed only 644 years in the first epoch ; 7515 in the second ; 
16409 in the third ; and 72514 in the fourth 
Hence tbe moon, 15000 years ago, was reduced to such a degree of coolness as to 
have only a 25tb part of the heat of our earth. It needs therefore excite no asto- 
nishment that she should appear to tis as an accumulation of ice, and that she 
exhibits no signs of living nature. If she had inhabitants, they must long ago have 
been congealed. 
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Blsrs employed 1130 years in becoming solid to the centre; 13000 In the second 
epoch ; 20538 in the third ; and 60,300 in the fourth : consequently this planet has 
been useless for 9 or 10 thousand years. 

In regard to Jupiter, the esse is different t be must have employed 9400 years in 
the first epoch, and will require 110*000 for the second. But it Is only 112000 
years since the earth and Jupiter were formed ; consequently 7 or 8 thousand years 
will be necessary, before Jupiter can be cooled to such a degree as to admit placing 
the foot upon it, without being burnt. When it attains to this epoch, it will require 
240400 years before it be reduced to our present temperature ; and then 483000 to 
lose nearly the whole of its beat This globe then will begin to be habitable, when 
we are rendered absolutely torpid with cold. 

In the last place, Saturn employed 5140 years In becoming fixed to the centre ; 
and required 59900 before he was fit to be touched : the duration of his third 
epoch will be 130800 years; and of this epoch above 47000 years have already 
elapsed ; so that it will be above 84000 years before his temperature is reduced 
to that of the earth. 

In regard to the satellites, we shall only observe that the greater part of them 
are in a habitable state and fit for vegetation, the fourth of Jupiter excepted, which 
is already advanced in its fourth epoch : the third of Saturn is nearly at the same 
degree of temperature as the earth, but rather somewhat warmer ; the fourth is con- 
siderably advanced in its fourth epoch ; and the fifth must have been a mass of ice 
for nearly 50000 years 

PROBLEM XXVI. 

Construction of the Barometer, ^To measure the Variations of the Gravity of the Air, 

The barometer is one of those in^struments for the discovery of which we are 
indebted to the 17th century, a period that gave birth to a great many happy ideas. 
This instrument, which serves to determine the variations that take place in the 
gravity of the air, derives its name from two Greek words, /S«pop and the 

former of which signifies weighty and the latter to measure. It was the invention of 
Toiricelli, a disciple of the celebrated Galileo, who employed it chiefly to prove 
the gravity of the air in which we live and tireathe. But it was Pascal who first disco- 
vered its variations, by means of the famous experiment which he caused bis brother- 
in-law to make on the Puy-de-Dome, a mountain in the neighbourhood of Clermont. 
It enabled him to demonstrate, in the most evident manner, the gravity of the air, 
which 8ome*8till persisted to deny, notwithstanding the experiment of Torricelli. 

A barometer may be easily constructed without much expense. Provide a vessel, 
some inches in depth, filled with mercury, and a glass tube 30 or 35 inches in length, 
hermetically sealed at one end. Invert the tube, that is to say turn the sealed end 
downwards, and fill it with mercury; apply your finger to the top so as to keep 
it shut, and having turned the sealed end uppermost, immerse the open end into 
the mercury in the vessel, and remove your finger, so as to allow the mercury in 
the tube to have a communication with that in the vessel : the column of mercury 
contained in the tube will then fall, but in such a manner that its upper extremity 
will remain about 28 inches, more or less, above the level of the mercury in the 
vessel, if the experiment be performed at a small height only above the level of the 
sea. In this manner you will have a barometer constructed ; and if by any contriv- 
ance you can fix the tube thus immersed in the mercury, the end of the column of 
mercury will be seen to fluctuate between the height of 27 and 28 inches, or 29 or 
SO inches English, according to the different constitutions of the atmosphere. 

This is a barometer of the simplest kind, and such as it was when it came from the 
hands of Torricelli. At present, a glass tube, from 33 to 36 inches in length, it 
employed : it is hermetically sealed at the one end, and bent at the other, afteir 
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1 ^ 8adi it the conetnietion of the barometers commonly told in 

B-JM B the ehopt : but to render them good, tome precautions are ne. 

B ceisary. 

1st. The diameter of the phial, or lower receptacle of the mer- 
•=^ r- cury must be considerably larger than that of the tube, 

otherwise the line a b, as may be easily perceived, will sensibly vary as the mer- 
cury rises or fidls. 

The mercury must be purified from air as much as possible, or at least to a 
certain degree ; and the tube ought to be heated and rubbed in the inside, to remove 
the moisture and dust which generally adheres to it; otherwise there will be a discn. 
gagement from it of air, which occupying the upper part of the tube, will, by 
its elasticity, form a counterpoise to the gravity of the atmosphere, and cause the 
column to remain lower than it ought to do. This air also, being dilated by heat, 
will produce on the column of mercury a much greater effect, so that its motions 
will depend both on the heat and gravity of the air, while it ought to depend on the 
latter cause alone. < 
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Several expedients have been adopted for lengthening the scale of the barometer : 
sometimes the top of the tube has been bent aside ; the diagonal instead of the perpen- 
dicular of the rectangle becoming the scale. But tbe most popular expedient is that 
adopted in what is called the wheel barometer. 

This instrument consists of a bent tube, a n c (Fig. 20.) 

Fig, 20. closed at A, the height of a above c not being less than 31 or 32 
inches, the end c being open, and the tube filled >^ith mercury. 
The mercury will fall in the leg a b till tbe difference of the 
levels of a and F be equal to the height of a column of mercury 
which balances the pressure of the atmosphere, and every change 
in the level of e will produce a corresponding but opposite one 
in that of f ; so that the change in the height of the barometer 
column is double the change of the level r. On f a small iron 
ball fioats, and a string attached to the ball passes over tbe 
pulley P, and to tbe end of the string is attach^ a weight w, 
somewhat lighter than tbe ball at f. The axis of the pulley 
passes through the centre of a large graduated circular plate a. 
This arig carries a hand h, which revolves when the pulley is 
turned. 

When the mercury e rises, and f falls, the floating ball, not being completely ba- 
lanced by w, falls with it ; and the string, pressed by the weight on the wheel p, turns 
it, and with it the hand which points out, on the graduated plate, tbe inches and parts 
of the height of the barometer’s column. 

When B falls F rises ; and the band retrogrades to a corresponding point on the 
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PROBLEM 

Vogt the entpention of the mmeery in f Ao harometer depend on the n^avUy or the 
eiaetieiiy of the oirt 

We introduce this question, tnereljr becauie H has been discussed in some books of 
natural pbilosopbj, ihe authors of whicii hate determined that thhl phenomenon 
ought to be aacrib^ to the elasticity, and not to the parity of the alr« The fol- 
lowing analysis will shew how ill founded is the reasoning of those who etttei|^ this 
opinion. 

In this question there are two cases. In one of them the barometer la supposed to 
be placed in the open air ; and this properly is the one which we here propose to 
examine. In the other, it is proposed to be shut up in a room so close, that nd air can 
penetrate to it ; or under the receiver of an air-pump, from which the air is excluded. 

It is evident, in the second case, that the cause of the suspension of the mercury is 
the elasticity of the air alone ; but to extend this to the case where the barometer is 
exposed to the open air, is reasoning, we will venture to say, in a manner unworthy of 
a philosopher. 

To ascertain to which of the two causes the suspension of the mercury in the baro- 
meter, exposed to the open air, ought to be ascribed, let us suppose the air to be 
depiived of its weight or elasticity; and let us examine what would be the con- 
sequence. 

If the air were deprived of its elasticity, it is evident that it would fall back 
upon itself, and form around the earth a kind of ocean of a peculiar duid, the height 
of which would be much less than that of our atmosphere ; but it would still have 
the same weight, for a ball of hair which has lost its elasticity, and is reduced to a 
less volume, weighs as much as it did, when in consequence of its elasticity it occu- 
pied a much larger space. The mercury in the barometer, if immersed to the bottom 
of this fluid, would sustain neither more nor less pressure, and consequently would 
maintain itself at the same height. 

Let 118 now suppose, on the other band, that the air, preserving its elasticity, has 
lost its gravity. In this case, as the parts of the air would experience no impediment 
to recede from each other ; that is to say, a 8 *fheir elasticity would not be compressed 
by the weight resulting from the force exercised by the superior on the inferior parts, 
the air would be dissipated, without exercising any action on the column of mercury ; 
unless we suppose, at the top of the atmosphere, a transparent arch to confine the 
elasticity of the air ; for it is necessary that a spring, to exercise an action with one 
of its extremities, ought to rest against some fixed point with the other. But as such 
a supposition is ridiculous, it is evident that what confines the spring or elasticity of 
the air is its weight. 

Since the air then, if deprived of its weight, and endowed with all the elasticity 
possible, would have no action on the mercury in the barometer ; and, on the other 
hand, as it would still maintain the mercury at the same height, though deprived of 
its elasticity, provided it retained its weight, it may be asked to what cause this 
suspension ought to be ascribed ? The answer is so easy that it is needless to men- 
tion it. 

PROBLEM XXVIII, 

Use of the Barometer to foretel the approach of fine or of had weather, Preecmiione 
to be observed in this respect, in order to avoid error. 

One of the principal uses of the barometer, is to foretel the approach of fine or of 
bad weather. Experience has indeed shown that the rise of the barometer, above its 
mean height, is generally followed by fine weather; and on the other hand, that 
when it falls below that height, it indicates the continuation or approach of nun. 
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These rales* however, are not absolutely general and infallible. Wind also has a 
great influence on the rise or fall of the mercury in the barometer ; and therefore 
we think it necessary to give a few rules, founded on observation, which may enable 
those who have barometers, to form a more certain opinion respecting their indU 
cations. 

Ist, The rising of the mercury announces, in general, fine weather; and its fall is 
a sign of bad weather, as rain, snow, hail, or storms. 

2d. ^uring very hot weather, a sudden fall of the mercury indicates a storm 
and thunder. 

3d. In winter, the rising of the mercury presages frost ; and in the time of frost, 
if the mercury falls three or four lines, it announces a thaw ; but if it rises during a 
continued thaw, snow Mrill certainly follow. 

4tb. When bad weather takes place immediately after a fall of the mercury, it 
will not le of long duration ; and the case will be the same in regard to fine wea- 
ther, if it speedily follows a rise of the mercury, 

5tb. But during bad weather, if the mercury rises a great deal, and continues to 
do so for two or three days, before the bad w'eather is past, a change may be expected 
to fine weather, which will be of some duration. 

6th. In fine weather, if the mercury falls very low. and continues so for two or 
three days before rain takes place, there is reason to conclude that the rain will he 
violent, of long duration, and accompanied with a strong wind. 

7th. Irregularity in the motion of the mercury, announces uncertain and variable 
weather. 

Such are the rules given by Desaguliers, according to a scries of observations made 
by Mr.. Patrick, a celebrated constructor of barometers, at London. 

But there can be no doubt that they are liable to exceptions and variations. 

It is known, for example, that in the countries situated between the tropics, the 
barometer scarcely varies ; on the borders of the sea it always maintains itself within 
a few lines more or less of 28 inches.* This is a plienomenon difficult to he ex- 
plained ; and no reason ever yet assigned for it, appear^ »atisfiirtory. Those therefore 
would be deceived who should apply the above rules to a barometer, transported to 
these countries. 

It frequently happens, also, that the falling of the mercury takes place without any 
rain ; but in that case a considerable degree of wind prevails, if not in the lower, at 
least in the upper part of the atmosphere ; f^r Mi . Hawkshee contrived au experi- 
ment, by which he produced that effect on the barometer artificially. 

PROBLEM XXIX. 

How comes it that the greatest height o f the barometer announces fine weather j and the 
least the approach of rain, or of bad weather? 

Those not acquainted with the progress of the barometer, and who are ignorant 
that the mercury generally rises when the sky is serene and the air very pure, and 
that its fall, on the other hand, generally takes place before rain, would no doubt 
judge differently, and suppose that the mercury ought to fall when the air is serene 
and pure, and to rise when the air is charged and impregnated with vapours ; for it 
is natural to believe, that pure and serene air is lighter than that which bolds in 
solution a great deal of vapours. The progress of the mercury in the barometer is 
however quite the reverse ; it is therefore a phenomenon which has been the subject 
of much discussion among philosophers, hut without success ; for all their explana- 
tions overturn themselves, and not one of them will hear examination. 

* The nstaral mean height of tlu> barnmetei in SO ICngliah inches. 
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Some pliilosopbers have said : the air is never more serene and more transparent 
than when well charged with vapours, or at least when they are perfectly dissolved 
and combined with it ; for it is the property of perfect solutions to be transparent ; 
it is not therefore astonishing that the mercury, being pressed down by a ^eater 
weight, should in this case rise. But when the aqueous vapours are separated from 
the air by any cause, they disturb its transparency, and begin to be precipitated : they 
no longer contribute to its weight, since they are not suspended in it ; and as a proof 
of this, they quote the celebrated experiment of Rammazini, which is as follows. 

Take a narrow vessel, several feet in height, and having filled it with water, place 
upon it a bit of cork, with a leaden weight suspended from it by a thread, so that 
the whole shall float. When the vessel has been thus prepared, put it into the 
scale of a balance, and load the other scale until an equilibrium is produced. If the 
thread by which the lead is attached to the cork, be then cut, it is observed that, 
while the lead is falling, this side of the balance is lightened, and the other prepon- 
derates. Hence it is evident, say the above philosophers, that while a weight is 
falling in a fluid, it exercises no pressure on the base; consequently, while the 
vapours, collected in the air, are precipitating themselves, or after they begin to 
be precipitated, the air is lighter, and the mercury becomes charged with a less 
weight. 

This reasoning, which is that of Leibnitz, is exceedingly ingenious. Unfortu- 
nately, however, the experiment of Rammazini proves only that the scale of the 
balance is unloaded during the fall of the weight ; but it does not prove that the 
bottom of the vessel is eased by the quantity of the weight which is falling ; for 
these are two things very different. Recourse must therefore be had to another 
explanation. 

For our part, we agree with M. de Luc,* that the only cause of the falling of the 
mercury in the barometer, on the approach of rain, is the diminution of the gravity 
of the air, when saturated with aqueous vapours. In our opinion, therefore, 4he air 
is never heavier than when if is exceedin'^^y pure ; and we are inclined to think so 
for various reasons. 

The vapours seen floating in tn^ atmosphere*, under the form of clouds, are nothing 
but a solution of water in uii ; wnile* thi!> combination is imperfect, it is only semi- 
transparent,. as is the case in regard to all solutions. The vapours, when in that 
state, are observed to rise in the atr ospbei e, and hence there is reason to conclude 
that they are lighter than air. Th»* stato of th^ air, in regard to gravity, when thus 
charged with vapours, may be de^"ced from the gravity of the vapours themselves ; 
and since they are lighter than the air in which they ascend, we must infer that the 
air in which they are dissolved is lighter than pure air. 

But it may be said, how can we conceive that air combined with a fluid heavier 
than itself should become lighter ? It may be replied, that if the combination here 
meant were only the interposition of watery particles between those of the air, as 
might have been believed, before the improved state of chemistry had thrown light 
on a number of questions relating to the most common phenomena, this would be 
impossible. But this is not the mechanism of solutions, or of the combination 
of bodies with each other ; each particle of the solvent combines with each particle 
of the dissolved body, and it is not improbable that this takes place here by the 
medium of fire, which is far lighter than either air or water. We can therefore form 
no conclusion respecting the weight of compound particles from that of the separated 
particles. Besides, in this state of combination, they may be endowed with a 
greater repulsive force ; and this even seems to be very probable, since the expand* 
bility ot water, when reduced into vapour, is immense. There can be no abturdHy 

* ** Traits des Baonnetres, Tbermometrefl,*’ Ac. Geneve, 1770 , % role. sto. 
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thsn ia astsitiiig thst air charged wUh irapoun is lighter than pm air. This \^iii 
perhaps be demonstrated some day d prim, by chemical processes ; and should this 
be the case, philosophers will be much sorpri^ at the difllculty which has hitheito 
occurfbd in attempting to explain the fiilling of the mercury in the barometer, on the 
approach of rain. 

PROBLEM XXX* 

0/ the Compound Barometer^ 

It has already been seen that a column of mercury of about 30 inches in height, is 
necessary to counterbalance the weight of the atmosphere; and hence it follows, 
that a simple barometer can never be at a less height, unless some fluid heavier than 
mercury be employed. As this length has been found inconvenient, attempts have 
been made to shorten it; with a view, as it would seem, of confining it within the 
same extent as the thermometer, which may be reduced to a much less size. The 
method in which this has been accomplished, is as follows : 

The principle of the construction of these barometers, consists in opposing several 
columns of mercury to one of air ; so that these columns taken together shall have 
the same length, viz. 30 inches, which one ought to have in order to be in cquilibiiiim 
with the weight of the atmosphere. Consequently, 30 inches, or the common height 
of the mercury, must be divided by the length intended to be given to the barometer ; 
the quotient will give the number of columns of mercury which must be opposed to 
the weight of the air. 

Thus, if a barometer only 15 or 16 inches in length be required, it must be formed 
of three glass tubes, joined together by four cylindric parts of a larger size, as ap- 
pears Fig. 21. Two of these tubes must be filled with mer. 
cury, and have a communication with each other, by means 
of the third, which ought to be filled with a lighter fluid. 
Thus the first branch, from d to E, is filled with mercury ; the 
second, from e to f, is half filled with coloured oil ot tartar, and 
half with carob-bean oil ; and the third, from f to o, is filled 
with mercury. This arrangement therefore is the same thing, 
as if these two columns of mercury were placed one above the 
other; for it may be easily perceived that the column of mer. 
cury F o, presses on the first by means of the intermediate 
column F E, exactly in the same manner as if it were above it. 
In this kind of barometer, it is the separation of the two li- 
quors, contained in the branch x f, that serves to indicate the 
variations of the weight of the atmosphere ; and for this reason 
these two liquors must be of different colours, and of different specific gravities, to 
prevent them from mixing. 

To fill this barometer, stop the aperture a, and pour mercury into the two lateral 
branches through the aperture b; then pour the two liquors into the middle branch, 
through the same aperture ; after which it must be hermetically sealed. 

If a barometer only 9 or 10 inches in height were required. 
Fig 22. 30 mugt be divided by 9 or 10, which will give 3 ; conse- 

quently, three branches containing 9 or 10 inches of mercury, 
and two communicating branches filled with oil of tartar and 
carob oil, will be necessary. This barometer, consisting of 
five branches, is represented Fig. 22. It may be proper to 
observe, that the height of each branch ought to be estimated 
by the difference of the level of the liquor in the upper reser- 
voir, and that of the liquor in the lower. 



Fig. 21. 




THB MA.RINB DAROMSTBR.— TH£ MOUNTAIN BAROMETER. 


m 


This construction, invented by M. Amontons, has the advantage of lessening the 
height of the barometer, which is sometimes inconvenient ; and of rendering it fitter for 
being employed under certain circumstances as an ornament. But it is to be observed, 
that this advantage is gained at the expense of exactness. M. de Luc says that be never 
was able to obtain a tolerable instrument of this kind. The intermediate column acts 
as a thermometer; and those who have attempted to prove that this does not injure the 
accuracy of the instrument, did not reflect that their reasoning is true only when 
the line of the separation of the two colours is in the middle of the height of the 
tube 


The Marine Barometer. 

The barometer constructed in the ordinary way would evidently be useless on 
board a ship at sea, as the pitching and rolling of the vessel would keep the mercury 
in the tube in a state of perpetual oscillation. This inconvenience has been over- 
come by making the greater portion of the tube of very nanow boie, but terminated 
by a cylindrical portion of about three-tenths of an inch in diameter. The instru- 
ment is suspended by a spring and gimbals, at a point near the top, which is found in 
each rase by trial. Thus improved, these instruments are in very great use both in 
the royal navy and in merchant ships ; and they have rendered most important ser- 
vice to the maritime interests of the community, by giving notice ot approaching 
storms, when frequently there have been no other indications which could have 
induced the mariner to make the necessary prepartions for encountering thcm> 

The Mountain Barometer, 

The barometer in this form has been extensively used by travellers to make ob- 
servations for the purpose of detei mining the height of mountains. 

We extract the following description from “ A Treatise on the principal Mathema- 
tical Instruments used in Surveying, Levelling, and Atronomy,” by F. W. Simms, 
civil engineer ; a woik which we cordially recommend to all persons desirous to 
acquaud themselves w’ith the use of such instruments. 

In the brass box a (Fig. 23.) which covers the cistern of mercury, near the bot- 
tom of the tube, are twm slits made horizontally, precisely similar and opposite to 
each othei, the plane of the upper edges of which represents the 
beginning of the scale of inches, or the zero of the barometer* 
The screw n, at the bottom, pci forms a double office; first, it ig 
the means of adjusting the surface of the mercury in the glass 
cistern to zero, by just shutting out the light from passing be- 
tween it and the upper edge of the above-named slits ; and 
secondly, by screwing it up, it forces the quicksilver upwards, 
and by filling every part of the tube, renders the instrument 
portable. By the help of a vernie*- the divided scale on the 
upper part is divided to the five-hundreth part of an inch ; and 
even the thousandth part may be estimated. The screw c, at 
the top, moves a sliding piece on which the vernier scale is 
divided, the zero of which is at the lower end of the piece. 
In taking the height of the mercury, the sliding piece is brought 
down and set nearly by the hand, and the contact of the zero of 
the vernier with the top of the mercurial column is then perfected by the screw c, 
which moves the vernier the small quantity that may be required just to exclude the 
light from passing between the lower edges of the sliding piece, and the spherical sur- 
face of the mercury. 

The barometer is attached to the stand by a ring, in which it turns round with 
a smooth and steady motion for the purpose of placing it in the best light for readmg 




Fig. 24. 


« A for tilt birometer wat Intented • few t yetrt sen Yiv iu a j. 

of KdiobarK h ; it it thus de«mbed in the patent. 

Tbe priodplf of the inttrument, which it railed a Sgmpiefometer, ronsittf in measur 
ini^be ^ the r^prcMion of a column of gag. It conaists oft tube of 

^•te A » c J> (Fig. 24. ) about 18 inrhct long, and 0*7 of an inch diameter inside termi 
lilted abore by a bulb d, and baWng the lower extremity bent upward, and expanding 
into an oral ristcrn a. open at the top. The bulb 
D being filled with hydrogen gas, and a part of the 
cistern a and the tube d with almond oil, coloured 
with anchusa root, the enclosed gas, by changing its 
bulk according to the pressuie of the atmosphere on 
the oil in the cistern, produces a corresponding eleva- 
tion or depression of the oil in the tube, thereby 
indicating the variations in the weight of the atmo- 
sphere. The scale for measuring these changes is 
determined by placing the instrument, with an accurate 
barometer and thermometer, in an apparatus where 
the air can be rarehed or condensed, so as to make 
the barometer stand at 27, 30, or any other number 
of inches. The dilTi’Pcnt heights of the oil in the 
tube of the sympiesometer, corresponding to those 
point®, being marked on it*» scale e f, and the spaces 
between them being divided into 100 equal parts, 
these divisions represent hundredths of an inch in the 
mercurial column. 

To correct the error that would arise from the 
change pioduced in the gas by variations of tempera- 
ture, the principal scale e r is made to slide on another 
G H, so graduated, as to represent the amount of that 
change con e®poiiding to the degrees of a thermometer, 

I K, attached to the instrument. 

To use the instrument, note the height of the ther- 
mometer, and set the index a, which is upon the 
sliding scale, to the degree of temperature on the fixed 
scale , then the height of the oil, as indicated by the 
scale, is the pressure of the air, or the height of the 
mercury in the barometer at the time. The sliding 
scale is moved by means of the knob l. 

This instrument has been thought to affoid more delicate indications than the ba- 
rometer, of changes in the atmospheric pressure ; and the pressure determined by an 
instrument of this kind has been found to agree very well with lOse given by the 
barometer, not differing more than from the eighth to the thirtieth part of an inch. 



PROBLEM XXXT. 

What space would be occupied by a cubic inch of air, if carried to the height of the 
eartiCs semi-diameter f 

We have already mentioned that air, in consequence of its elasticity, when charged 
with a double weight, is reduced to one half of its volume, and so on in proportion ; 
at least as far as has hitherto been found by the experiments made on that subject. 
For the game reason, when freed from the half of the weight which it supports, it 
occupies a double space ; and a quadruple space, when it has only a fourth part of 
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the weight to support. Thus, for example, on ascending a mountain, when it it 
found that the mercury has fallen half the height at which it stood at the bottom of 
the mountain, it is concluded that, being freed from half the weight which it sup- 
ported when in the plain, it has been dilated to double the volume, or that the stratum 
of the surrounding air has only half the density of that at the bottom of the mountain ; 
for the density is in the inverse ratio of the space occupied by the same quantity of 
matter# 

This law of the dilatation of the air, in the inverse ratio of the weight with 
which it is loaded, has enabled geometricians to demonstrate, that as one rises in 
the atmosphere, the density decreases, or rarefaction increases, in a geometrical pro- 
gression ; while the heights to which one rises, increase in arithmetical progression. 
Hence, if it be known to what height we must rise to have the air rarefied one 
fourth, for example, or reduced to three fourths of the density which it has on the 
borders of the sea, we can tell that at a double -height its density will be the square 
or ft; at a triple height it will be the cube of J, or m ; in short, at a hundred 
times the height, it Mrill be the lOOth power off, 8tc. Or, if the ratio of the den- 
sity of the air, at the height of 17(50 yards, or 1 mile, to the density of the air on 
the borders of the sea, has been determined, and if we call this ratio d, we shall 
have for the expression of that ratio at the height of 2 miles ; at three miles it 
will D®, &c; and at n miles, it will he n". 

But, it is known by experiment that at the perpendicular height of a mile above 
the level of the sea, the mereury, which on the borders of the sea was at the height 
of 28 inches, or 38(5 lines, falls to 22 inches 4 lines, or 2G8 lines, or the height of the 
mercury at that elevation is expressed by the fraction JJS* “*”ty being the whole 
height. Hence it follows, that the ratio of the density of the air at that height, to 
the density of the air on the borders of the sea, is expressed by that fraction : conse- 
quently to find what this ratio would be at the height of the earth’s semi-diameter, 
wc must first know how many miles are contained in that seini-diamcter. Let us 
suppose that there arc 3000. We must therefore raise the above fraction ?5|, or gj, 
to the SOOOtli power, which may be easily done by means of logarithms ; for taking 
the logarithm of |^, which is — 0*0082045, and multiplying it by 3000, we shall have 
for the logarithm of the required number — 294*G1350(X) ; w*hich indicates that this 
mimbcr is cqmposed at least of 295 figures. We may thercfoic say, that the density 
of the air which we breathe at the surface of the earth, is to that which we should 
find at the height of the earth’s semi-diameter, as a number, consisting of 295 figures, 
is to iimty. It is needless to make a calculation to prove that the sphere even of 
Saturn does not contain as many cubic inches as are expressed by that number ; 
and consequently that a cubic inch of air, carried to the height of the earth’s semi- 
diameter above its surface, would be extended in such a mariner as to occupy a space 
greater than the sphere of Saturn. 

We shall here just observe, that this rarity wmuld be still greater, for the following 
reason. We have supposed the gravity uniform, which is not the case ; for as gra- 
vity decreases in the inverse ratio of the distance from the centre of the earth, it 
thence follows, that in proportion as one rises above the surface, this gravity is di- 
minished ; so that at the distance of a semi-diameter from the earth, it is only a fourth 
part of what it was at the surface ; every stratum of air then will be less loaded by 
the superior strata, since they will weigh less at the same height, than on the pre- 
ceding supposition : consequently the air will be more dilated. Newton haa 
shewn the method of making the calculation ; but for the sake of brevity we shall 
omit it. 

Remark — The extreme rariiy of the air, at a distance so moderate, may serve as 
« proof of the great tenuity of the matter with which the celestial space is filled. 
For if its density were every where the same as it is at the distance of the carth'i 
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•emi-diameter, it may be easily perceived how little the planetary bodies can lose of 
their motion by traversing it. The moon, during the many thousand years she hag 
been revolving round the earth, cannot yet have displaced a quantity equal to a cubic 
foot of our air. 


PROBLEM XXXII. 

If a pit were dug to the centre of the earthy what would be the dentity of the air at 
the different depths^ and at the bottom of it? 

We shall begin our answer to this question by observing, that one could not pro- 
ceed to a very great depth, without corning to air so highly condensed, that a person 
would flout on it, in the same manner as cork does on mercury. 

This is evident, if we suppose the gravity at the different depths of the pit to he 
uniform; for at the distance of a semi-diameter below the surface, the density must 
be to that of the air at the surface in the inverse ratio of the density of the latter to 
that of the air at the distance of a semi-diameter above it But we have seen hy 
what a number the rarity of the latter is expressed; and the same number will ex- 
press the condensation at the centre. 

Quicksilver is not quite 14000 times as heavy as the air which we breathe; and 
therefore the air at the centre would be thousands of millions of millions, &c. of times 
denser than mercury. But, for the sake of amusement, since we are on the subject 
of philosophical recreations, let us examine the most probable hypothesis of the gra- 
vity which prevails in the case stated in this problem. The gravity would not he 
uniform ; it would decrease on approaching the centre, being exactly as the distance 
from the centre. But Newton has shewn that as the squares of the distances, from 
the centre, in this case deciease arithmetically, the densities would increase geo- 
metrically. 

We must then first find what would be the density of the air at a determinate 
depth, such as KXX) toh>cs, for exauqdc. But this is ea«y, on account of the proxi- 
mity of that depth to the surface ; for if the density at the surface he expressed 
by unity, that at the depth of I()00 toises, or a mile below it, will he the inverse of 
KXX) toises above it. But the latter w'as expressed bv consequently the expres- 
sion for the former will he fj, or 1 -f- K; hence the den'^ity being 1, at the distance 
of 3(X)0 miles from the centre, the density at the distance of 2999 will he Let 
us then square 3990, which gives fXXHKX)9, and also 21)99, which gives 8994991 ; the 
difference between these squares is 5999, by which if OiHXXKX) be divided, we shall 
have the quotient 1590, for the number of sqirues decreasing arithmetically at the 
same rate that are contained in that square. If the logarithm of which is 
0 0982045, be multiplied by 1500, the product will he 147 3(X)75(K), or the loga- 
rithm ot the density at the centre, that ut the surface being 1. But the numh(r 
corresponding to this logarithm would contain 148 figures ut least ; whence it follows, 
that the density of the air, at the centre of the eaith, would he to that at the sur- 
face, as a number consisting of 148 figuies, or ut least unity followed hy 147 ciphers, 
to unity. 

Were it required to determine at what depth the air would have the same density 
as water, it will be seen by a calculation fouinled on the same principles, that it 
would be at the distance of 30 miles below the surfac'e. 

It will be found, in like manner, that at the depth of 42 miles below the surface, 
the air would have the same density as quicksilver. 

PROnLEM XXXIII. 

Of the Air Gun. 

This instrument* for the invention of which we arc indebted to Otto Gucriki*. 
burgomaster of Magdebourg, so celebrated about the middle of the l7th century by 
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bis pneumatic experiments, is a machine in which the elasticity of air, violently 
compressed, is employed to project a hall of lead, in the same mannei as gunpowder. 
It consists of an air chamber, formed by the vacuity between two cylindric and 
concentric tubes, placed the one within the other ; the bottom of this vacuity com- 
municates with a pump, concealed in the butt end of the gun, and furnished with a 
piston which serves to introduce and condense the air, by means of valves properly 
adapted for the purpose. The ball is placed at the bottom of the inner tube, where 
it is retained by a little wadding, and at the bottom there is an aperture, closed by 
a valve, whieh cannot open until a tiiggcr is pulled. 

It may now be easily conceived, that when the air in the reservoir or chamber is 
compressed as much as possible, if the ball be placed at the bottom of the interior 
tube, and if the trigger, adapted to open the valve which is behind the ball, be pulled, 
the air violently compressed in the chamber will act upon it, and impel it with 
a greater or less velocity, according to the time it may have had to exert its 
action. 

To make an air gun then produce the proper effect, it is necessary, 1st, that the 
opening of the valve should exactly occupy the same time that the ball does to pass 
through the length of the tube; for during that time the air will accelerate its mo- 
tion, the expansion of the air being much more rapid than the motion of the ball. 
If the chamber should remain longer open, it would be a mere loss. 2d. The ball 
must be perfectly round, and evactly fitted to the calibre of the piece, in order that 
tlie air may not escape at its sid(M. As leaden balls are not always very regular, 
Ibis defect may be remedied by wrapping a little tow around it. 

When these requisites have been attended to, an air gun 
will discharge a ball with sufficient force to pierce a boaid two 
inclus in thickness, at the distance of 50, and even of 100 
paces. When the air chamber is once filled, it may be em- 
plo}cd eight oi ten times in succession. An English aitist 
even invented a method of placing these balls in leserve in a 
small crooked channel, from which on discharging one bull, 
another issued to occupy its place; so that a person could di-— 
charge the air gun ten times running, much sooner than the 
most expert Prussian soldier could fire half the number of times. 
It must however he obscived, that the force of the air gun 
decreases in proportion as the air chamber is emptied. 

It may he easily conceived, that if this instrument, instead 
of being preserved in the cabinets of philosophers, should fall 
into the hands of certain persons, it would be a most formidable 
weapon, and the more dangerous as it makes no noise when 
discharged. But as gunpowder, after being a long time a mere 
ingredient in artificial fireworks, became the soul of a most de- 
structive instrument, it is not improbable that the air gun, 
when brought to perfection, may in like manner he employed 
by armies to destroy each other, gloriously and without re- 
morse. ^ 

The air gun is represented Fig. 25, where the interval be- 
tween the two cylinders, which serves to contain the air. may 
he easily distinguished ; m n is the piston, by whieh the 

• Within these few yen's the above antiripation of Monturla has l)een verified ; guns, not indeed 
afr gu/rs, but steam guns on the principle nt th«* atr gufh have beeu maae for Ute purposes of war- 
fare : though, tlianks to Uic peaceful temper ot the limes, they have ni>t >et been brought into ac- 
tion. 

At the Gallery of Practical Sinruci*, iii the Lowther Aictide , Londou, the firing (t^of a stream of 
balls by the sh'Hui gun is daily cxhibiled. 


Fuj. 25. 
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«r ii* introduced into tb«t chftmber; tl the vulv.-, by which a commuiiir 
ibrintd between the chAiuber and the ey Under; aiul o in the trif^ffvr. This* ' 
wm mn/ be to eaitly uiidvtgtood, that no further liiuitratiun is necessary* 

PROULEM XXXIP. 

Q/* Me Ev/tpyie, 

The Eolipyle is a hollow vessel made of stronij motel, and generally in the form 
of a t*ear, U*rminating in a long tail, aotnewhai bent. U is tilled with water or some 
Other liquor, by 6rst exposing it to a strong heat, and then immersing it in the liquor 
to be inirodueed into it. While the interior air contracts itself to resume its former 
volume, the liquor, in contequciice of the preasure of the external air, must 
«Htr enlM to .uppt, iu place. 

If the eolipyle, when filled in this manner, be placed on burning coals, the water 
It cootaim if reduced into vapour, which escapes by the narrow orifice in the tail : 
or If the fitiid, by the poaition of the eolipyle, presents itself at the entrance, being 
preestd upon by the vapour, it issues through the orifico with force, and forms a 
pretty high jet. 

If hmndy has been employed instead of water, you may set fire to it with a 
tnfmr { and, iMtcod of a jet of water, you will have the agreeable spectacle of a 
jet of fire. 

This experiment serves to shew, tn a sensible manner, the strength of the vapour 
produced by a fluid exposed to a strong heat. For, in the first case, this va[K>ur 
tssucs with impetuosity through the orifice of the eolipyle; and in the second the 
elastic force of the vapour, pressing on the fluid, makes it issue through the banm 
orifice. 

This experiment may be rendered still more amusing m the following manner. 
Provide a sort of small chariot, bearing a spirit of wine lamp, and place the belly 
of the eolipyle on the latter ; close the orifice of the eolipyle with a stopper wliirh 
does not adhere too firmly, and then kindle the lamp. Some time after, the stopper 
will fly out, and the fluid or vapour wnll i«sue through the orifice with great violence. 
The chariot being repelled, at the same time, by the resistance which the fluid or 
vapour experiences from the external air, receives a motion backwards ; and if tiie 
exie-tree of the wheels be fixed to a vertical axis, the chariot wdll assume a circular 
motion, which will continue as long as the eolipyle contains any portion of the 
fluid. 

It may be easily conceived, that this vessel must be made of very strong metal, 
otherwise it might burst, and either kill or wound the spectators. 

PBOHLESI XXXV. 

To conatruct small figuresy which remain suspended in watery and which may be made 
to dance, and to rise up or sink down, merely hy pressing the finger against the orifice 
of the bottle or jar which contains them. 

First construct two small hollow figures of enamel ; but 
in the lower part, representing the feet, leave a Small hole, 
through which a drop of water can be introduced, or apply 
to the back part of each a sort of appendage in the form of a 
tail (Fig. 26.), pierced at the end, so that a greater or less 
quantity of water may be made to enter into this tube. 
Then bring the figure into equilibrium in such a manner, 
that with this small drop of water it shall keep itself up- 
right, and remain suspended in the fluid. Fill the bottle 
with water to the orifice, and cover it with parchment, wbicli 
must be closely tied around the neck. 
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When you are desirous of putting the small figures in motion, press the par^^h- 
niput over the orifice with your finger, and the figures will descend ; if you remove 
>(>ur finger they will rise; and if you apply and remove your finger alternately, the 
futures will be agitated in the middle of the liquor, in such a manner, as to excite 
the astonishment of those unacquainted with the cause. 

The explanation of this phenomenon is as follows. Wlien you press the water 
through the parchment which covers the orifice of the bottle, the water, heing in- 
compressible, condenses the air in the small figure, by causing a little more water, 
than what it already contains, to enter it. The figure having thus become heavier, 
must sink to the bottom ; but when the finger is removed, the corapresed air resumes 
its former volume, and expels the water introduced by the compression : the small 
figure, having by these means become lighter, must re-ascend. 

PROBLEM XXXVI. 

To construct a barometer, which shall indicate the variations of the atmosphere, by 
means of a small figui e that rises or sinks in water. 

The principles on which this small, curious barometer is constructed, have been 
explained in the foregoing problem. For since the pressure of the finger on the 
water, which contains the small figure in question, makes it descend, and as it rises 
again when the pressure is removed, it may be easily conceived that the weight 
of the atmosphere, according as it is greater or less, must produce the same effect. 
Hence, if the small figure be equipoi^ed in such a manner as to remain suspended 
during variable weather, it will sink to the bottoirf when the weather is fine; be- 
cause the weight of the atmosphere is then more considerable. The contrary will be 
the case when it tbieatcns rain, and when the mercury in the barometer falls; for 
the weight of the atmosphere, which rests on the orifice of the bottle, being lessened, 
the small figure must of course rise. 

PROBLEM XXXVII. 

To suspend two figures in water, in such a manner that, on pouring in more water, the 
one shall rise up and the other sink down. 

For this purpose, provide salt water, and suspend in it a small figure, or small 
glass bottle, of such a weight, that if the water contained a little less salt, it would 
fall to the bottom. Dispose, in the same manner, another small figure or bottle, 
open at the lower part ; so that in the same water it shall keep at the bottom, by the 
mechanism described in the 35th problem. 

When every thing is thus arranged, if fresh water, pretty warm, be poured into 
the salt water, which contains the figures, the first one will sink to the bottom, in con- 
sequence of a cause which may be easily conceived ; and at the same time the other will 
rise to the surface : for the air in the second figure being dilated by the heat of the 
water, w'ill expel, either in whole or in part, the drop of water which formed a por- 
tion of its weight : the figure, having thus become lighter, must consequently rise. 
These two small figures therefore will change places, merely by the effusion of ftiore 
water ; but the second, when the water cools, will re-descend. 

PROBLEM XXXVIII. 

Of Prince Pupert's Drops, or Daiavian Tears. 

This appellation is given to a sort of glass drops, terminating in a long tail, which 
possess a very singular property ; for if you give one of them a pretty smart blow on 
the belly, it opposes a considi rablc lesistance; but if the smallest bit be broken 
off from the tail, it immediately bursts into a thousand pieces, and is reduced almost 
to dust. 
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Tlieie drops are made by letting glass, in a state of fusion, fall (lroj» by dro/, • 
a vessel filled with water. They are then found at the bottom completely forme/ 
A great number of them however generally burst in the water, or immediately ahe 
they have been taken from it. As these drops were first made in Holland, they a 
by called the French lAtrmes Bataviquea. 

Various experiments have been made with these glass drops, to discover the cause 
of their bursting. These experiments are as follow : 

1st. If the tail of one of these drops be broken under the receiver of an air-pump 
by a process which may be easily conceived, it bursts in the same manner as it would 
do in the open air ; and it the experiment be performed in the dark, a flash of light 
is observed at the moment of rupture. 

2d If the body of one of these drops be ground down gently on a cutler's wheel 
or whet-stone, it sometimes bursts ; but for the most part it does not, 

3d. If a notch be made in the tail, by means of the same stone, the drop will 
burst. 

4th. The tail of one of these drops may be however cut off in the following man- 
ner : Present the place, at which you are desirous it should be cut, to an enameller’s 
lamp ; by these means it will be fused, and you may then separate the one part from 
the other, without fear of it* bursting. 

5th. If one of these drops be carefully heated on burning coals, and if it be then 
suffered to cool shiwly, it will not burst, even when the tail of it is broken. 

Philosophers have always been much embarrassed respecting the cause of this 
cxtraorulnury phenomenon ; and it must indeed be confessed that it is still very 
obscure. We can only say, that it is not produced by air, as is jiroved by the first 
e.xpcrimcnt. We think ourselves authorised to say also, from the fifth experiment, 
that It depends on the same cause which makes all articles of glass break, if care ha* 
not been taken to anneal them, that is to Bay if they are not subjected to a long 
heat that they may cool gradually, before they are exposed to the contact of the 
air. This appears to result from the last experiment ; but it does not seem clear in 
what manner it is effected. It arises, m all probability, from the eruption of some 
fluid in the inside of the drop, which rushes through the broken part of the tail. 
It IS perhaps an electrical phenomenon, and the drop may burst by the same mechanism 
that often cracks a glass jar, when it is discharged ; that is, when the ef|iillibrium 
is restored between its interior and exterior surface. Having explained the principal 
phenomena of these drops, we shall leave the rest to the sagacity and reseaiches of 
our readers. 


PROBLEM XXXIX. 

To measure the quantity of ram which fulls in the course of a year. 

One of the meteorological objects which engage the attention of the modern 
philosophers, is, to observe the quantity of rain that falls on the earth in the course 
of a year. This observation may be easily made by means of an instrument which 
M. Cotte, in bis Treatise on Meteorology, calls the Udometer,^ but which, in our 
opinion, ought rather to he called the VometerA 
This instrument consists of a box of tin plate, or lead or tin, two feet square, 
which makes four feet of surface. Its sides are six inches in depth at least, and the 
bottom is a little inclined towards one of the angles, wliere there is a small pipe 
furnished with a cock. The water which flows through this pipe, falls into another 
square vessel, the dimensions of which are much less, and so proportioned, that the 
height of a line in the laige vessel corresponds to three inches in the smaller. In the 

• From water, anil a mcaturo. 

♦ Krorti ram anU fitrpev a mooauro. 
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present case, therefore, the base of this vessel ought to be only two inches six lines 
square. From this description it may be easily conceived that very small portions 
of a line of water, which has fallen into the large vessel, may be measured ; since a 
line of height in the small one, will correspond to the thirty-sixtb part of a line in 
the large one. 

If the large vessel be properly placed, with the small one below the cock ; and 
if the small one be covered in such a manner as to prevent the air from having 
access to the surface of the water it contains ; it will not be necessary to examine the 
quantity of water which has fallen after each shower, or series of rain. It may be 
examined and measured every three, or four, or five days. It will, however, be better 
to do it after eacbfall of rain. 

If a register be then kept of the quantity of water which falls every time that 
it rains, these quantities, added together, will give the quantity that falls in the course 
of the whole year. 

It has been found in this manner, by a series of observations made at Paris, for 77 
years, that the quantity of rain which falls there, one year with another, is IG inches 
8 lines. 

But this quantity of water is not every where the same. In other places it is greater 
or less, according as they arc situated neai to the sea or to mountains. The follow- 
ing is a table of the principal places where observations of this kind have been 
made, and of the quantity of water which falls there annually. 



Inch. 

Line. 


Inch. 

Line. 

Paris 

JG 

8 

London 

. 18 

9 

Bayeux 

20 

0 

The Hague .. 

. 2G 

6 

Beziers 

IG 

3 

Rome 

. 28 

0 

A\x in Provence 

18 

3 

Padua 

. 30 

0 

Toulouse 

17 

2 

Petersburgh . . 

. IG 

1 

Lyons 

25 

0 

Berlin 

. 19 

6 

Lille 

23 

0 





From an extensive collection of observations, Dr. Dalton concludes that, for 30 
places in England and Wales, the average annual quantity of rain amounts to »35*2 
iiK’hes ; the greatest being (>7*5 inches at Keswick, among the Cumberland hills; and 
the least at Uxminster, in the comparatively flat county of Essex. It is probable, 
however, that the annual quantity for the whole of England and Wales is below 30 
inches. 

It IS certain that the quantity of rain which falls at the top of a hill is much 
greater than what falls at the bottom. Near Kinfauns, in Scotland, a rain gauge, 
on the summit of a hill GOO feet high, showed the mean annual fall of rain for five 
successive years to be about 41*5 inches ; while a gauge at the bottom of the hill 
showed that for the same period the mean annual fall was not more than 25*7 inches. 

Remark — We think it necessary here to offer a remark which seems to have 
escaped all the philosophers who have made observations on the quantity of rain 
that falls. Every time it again rains, a small quantity of water is lost ; namely, that 
which has served to moisten the bottom of the reservoir ; for the water does 
not begin to run down till the bottom is moistened to a certain degree, and covered 
as we may say to a certain thickness with water, the quantity of which must be 
determined and taken into the account after every fall of rain. This quantity 
of water may be measured by the following process. Take a small sponge, 
moistened in such a manner that no water can be squeezed from it, even when 
pressed very hard ; then fill the vessel, and having suffered the water to run from 
it, collect with the sponge what remains on the bottom, and squeeze it into a vessel, 
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the base of which is an inch square, and already moistened with water. It is evident 
that if a vessel, the base of which contains 4 square feet, gives in this manner 
water sufficient to rise to the height of an inch in the small vessel, there is reason to 
conclude that the pellicle of water which adhered to the metal was at least jifii of 
an inch, or the 48th part of a line in thickness. At any rate, it may be safely esti- 
mated at the 30th or 36th of a line. If it has rained, therefore, two or three hundred 
times in the course of the year, 8 lines must be added to the quantity found. 

PBOnLEM XL. 

Of the origin of Fonntainn^ Calculation of the quantity of rain water sifficient to 
produce and to maintain them, ^ 

It would appear that the origin of fountains and springs ought not to have occa- 
sioned such a diversity of opinions, as has, for some time, prevailed among philoso- 
phers. An attentive consideration of these phenomena is sufficient to shew that the 
origin of them is entirely owing to the rains which continually moisten the surface 
of the globe, and which running over beds of earth, capable of preventing them 
from penetrating deeper, at length force a passage to places which are lower. Every 
person indeed must have observed, that the greater part of springs decrease in a 
considerable degree, when a long drought has prevailed ; that some of them abso- 
lutely dry up when this drought continues too long; that when the surface of tlie 
earth has been moistened with snow or rain, they arc renewed ; and that they in- 
crease almost in the same progression as the waters become more abundant. 

Some philosophers however have ascribed the origin of fountains to a sublimation 
of the waters of the sea, which, flowing into the bowels of the earth, rise up in 
vapour, in the fissures of the rocks, and thence trickle down into cavities and reser- 
voirs prepared by nature, from which they make their way to the surface. Some 
have even gone so far as to imagine a sort of subterranean alembics. 

But these conjectures are entirely void of foundation. If the water of the sea 
produced fountains in this manner, it would long ago have choaked up, with its salt, 
the subterranean conduits through wbich.it is supposed to pass. Besides, the con- 
nection which is observed between the abundance of rain, and that of liie water 
of the greater part of fountains, would not subsist ; as the internal distillation would 
take place whether it rained or not. It is to be observed also, that the water 
of springs always distils from above beds of clay, and not from below them ; but as 
these beds intercept the passage of vapours and water, the latter must necessarily 
come from above them. A sure method of destroying a spring, is to pierce this 
bed ; but if the water came from below, a contrary effect would be produced. 

What induced philosophers to have recouise to a cause so remote, and so false, no 
doubt was their imagining that rain water was not sufficient to feed all the springs 
and rivers. But they were certainly in an error ; for instead of rain water being too 
small in quantity to answer that purpose, it seems rather difficult to conceive in 
what manner it is- expended. This will be proved by the following calculation 
of Mariotte. 

This author observes that, according to experiments which have been made, there 
falls annually on the surface of the earth about 10 inches of water. But to render 
bis calculation still more convincing, he supposes only 15, which makes per square 
toise 45 cubic feet, and per square league of 2300 toises in each direction, 238050000 
cubic feet. 

But the rivers and springs which feed the Seine, before it arrives at the Poiit- 
Royal at Paris, comprehend an extent of territory, about GO leagues in length and 
50 in breadth, which makes 3000 h‘agues of superficial content ; by which if 
238050000 be multiplied, we shall have for product 7141500(KKK)0, for the cubic 
feet of water, which falls, at the lowest estimation, on the above extent of territory, 
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Let UB uow examine the quantity of water annually furnished by the Seine. This 
river, above the Pont-Royal, when at its mean height, is 400 feet in breadth, and 5 
in depth. The velocity of the water, when the river is in this state, may be esti- 
mated at 100 feet per minute, taking a mean between the velocity at the surface and 
that at the bottom. If the product of 400 feet in breadth, by 5 in depth, or 2000 
square feet, be multiplied by 100 feet, we shall have 200000 cubic feet, for the 
quantity of water which passes in a minute through that section of the Seine, above 
the Pont-Royal. The quantity then in an hour will be 12000000 ; in 24 hours, 
288000000; and in a year, 105120000000 cubic feet. But this is not the seventh 
part of the water which, as above seen, falls on the extent of country that supplies 
the Seine. 

But how shall we dispose of the remainder of this water ? The answer is easy : 
the rivers, rivulets, and ponds lose a considerable quantity of water by evaporation ; 
and a prodigious quantity is employed for the nutrition of plants. 

Mariotte makes a calculation also of the water which ought to be furnished 
naturally by a spring that issues a little below the summit of Montmartre, and 
which is fed by an extent of ground 300 toises in length and 100 in breadth ; 
making a surface of 30000 square toises. At the rate of 18 inches for the annual 
quantity of rain, the quantity which falls on that extent will amount to 1620000 
cubic feet. But a considerable part of this water, perhaps three-fourths, immedi- 
ately runs off : so that no more than 405000 forces its way through the earth and 
sandy soil, till it meets with a bed of clay at the depth of two or three feet, from 
which it flows to the mouth of the fountain, and feeds it. If 405000 therefore be 
divided by 365, the quotient will be 1100 cubic feet of water, which it ought to 
furnish daily, or about 38500 French pints ; which makes about 1600 pints per hour, 
or 27 pints per minute. Such is nearly the produce of this spring. 

An objection, founded on an experiment of M. de la Hire, described in the me- 
moirs of the Academy of Sciences, for the year 1703, is commonly made to this idea 
respecting the origin of springs. This philosopher having caused a pit to be dug in 
a field, to the depth of 2 feet, found no traces of moisture : fiom which some con- 
clude that the rain water flows only over the surface, and does not in any manner 
contribute to the origin of springs. 

But this experiment is of no weight, as it is contradicted by a thousand contrary 
instances. Every one knows that water, in various places, oozes from the roofs of 
caverns and subterranean passages; it is this water which, after penetrating the 
earth, and flowing between the joints of stones, produces stalactites, and other 
stony concretions. It is tlierefoi e false that rain water never penetrates beyond the 
depth of a few feet. The fact, observed by M. de la Hire, was a particular case, 
from which it was wrong to deduce a general consequence. 

It is objected also, that water is sometimes collected at heights at which it is 
impossible that rain water could give birth to a spring. To this it may be replied, 
that if the ground, where these collections of water exist, be examined, it will al- 
ways be found that they are produced by min or melted snow ; that these places on 
the summits of mountains are only a kind of funnels, which collect the waters of 
some neighbouring plain, continually maintained by the rain or the snow, assisted 
by the small evaporation which takes place, in consequence of the rarity of the 
air. It is therefore evident to every rational mind, that the origin of springs and 
fountains can be ascribed to no other cause, than the rain water and snow which 
have been collected. , 

PROBLEM XLI. 

TAe Water or Mercurial Mallet. 

The water mallet, as it is called, is nothing else than a long glass flask, contain- 
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ing watelr» which when shaken in the flask, strikes it with a noise almost like that 
occasioned by a small blow with a mallet. 

The cause of this phenomenon is the absence of the air, for as that fluid no 
longer divides the water in its fall, it proceeds to the bottom of the flask like a 
solid body, and produces the sound above mentioned. 

To construct the water mallet, provide a long glass flask, pretty strong, and ter- 
minating in a neck that can be hermetically sealed ; fill one fourth or one fifth of 
it with water ; exhaust the air from it by means of an air pump, and then close the 
mouth of the flask hermetically. When the flask is taken out, if you fuse the neck 
of it gently at an enameller’s lamp, in order to shut it more securely, the instru- 
ment will be completed. 

If mercury be enclosed in the flask, instead of water, it will make a much greater 
noise or smarter blow ; and you will even be astonished that it does not break the 
flask. If the mercury be well purified, it will be luminous; so that when made to 
run from the one end to the other, a beautiful stream of light will be seen in the dark. 

Remark. — In our opinion, this property of mercury may be employed to construct 
what might be called a philosophical lantern. For this purpose, it would be neces- 
sary to dispose in a sort of dium a great number of small flasks, like the preceding, 
or spiral tubes, in which purified mercury should be kept in continual movement : 
which might be easil} done if the drum were made to revolve by means of maehi- 
neiy; the result would be a continued light, which would have no need of aliment, 
or of being fed. WIjo knows, whether this idea may not enable us, at soinefutuie 
period, to dispense with the candles and lamps which we now em|)loy to light 
our apartments? Wo are however afraid, that whatever be the number of flasks 
i.rianged in this manner, they will still afford too weak a light to supply the want 
of a single taper. But, perhaps, theie are other usetul purpo'*cs to which this in- 
vention may be applied. 

PROBLl'M XLII. 

To make a Luminous Shower with mercury. 

Place on the top of the air pump a small oirrular plate, pierced with holes, and 
supporting a small cylindrie receiver, terminating in a hemisphere, and cover the 
whole with a larger receiver, having a hole in its summit, capable of admitting a 
glass funnel filled with mercury. This funnel must be so ariaiiged, that it can be 
shut with a stopper, so as to be opened when necessary. Then exhaust the air, or 
nearly so, from the receiver, and open the funnel which contains the mercury ; the 
mercury, in consequence of its weight, and of the pressure of the atmosphere, will 
run dowm, and, falling on the convex summit of the interior receiver, will be 
thrown up in small luminous drops, so as to resemble a shower of fire. 

This experiment may be performed also in the following manner ; piovide a piece 
of pretty compact wood, and cut in it a small reservoir in the shape of a hemisphere, 
or of an inverted cone; apply it to the upper aperture of a receiver, and fill it with 
mercury. If you then exhaust the receiver, the pressure of the external air will 
force the mercury tbiough the pores of the wood, so that it will fall down in small 
luminous drops. 

PROBLEM XLIII. 

What is the reason that in mines, which have spiracles, or air •holes, on the declivity of 
a mountain^ at various heights, a current of air is established, which in winter has 
a direction different from what it has in summer? Explanation of a similar pheno- 
menon, observed daily in chimneys . — Use to which a chimney may he applied in 
summer* 

It is customary, in order to introduce air into a mine, at certain distances to sink 
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perpendicular wells, wbicb terminate at tbe horizontal or somewhat inclined gallery^ 
where the ore is dug up ; and, in general, the mouths of these wells are at different 
heights, in consequence of tbe inclination of tbe side of the mountain. But in this 
case, a very singular phenomenon is observed : during the winter the air rushes 
into tbe mine through the mouth of tbe lowest well, and issues by that of the 
highest ; the contrary is the case in summer. 

To explain this phenomenon, it must be observed, that in the mine the temperature 
of the air is constantly the same, or nearly so, while without it is alternately colder 
and hotter; that is, colder in winter, and warmer in summer. It is to be remarked, 
on the other band, that tbe well which has the mouth highest, the gallery, and the 
other well, form all together a bent siphon with unequal branches; the effect pro- 
duced is as follows : 

When the exterior air is colder than that in the mine, the column of air which 
presses on the lower orifice d (Fig. 27.), exerts a greater pressure on the whole air 
contained in the siphon d c b a, than that which 
presses on the upper orifice a ; this air then must be 
expelled by circulating in the direction d c d a. But 
the cold air which enters by d, being immediately 
heated to the same degree as that in the mine, is 
impelled, like the formei, by the column which rests 
on the orifice d 

The contrary takes place in summer ; for the ex- 
terior air, during that period, is warmer than the 
air in the mine. The latter then being heavier, that 
contained in the branch A b of the siphon, prepon- 
derates over the air in n c ; so that the difference 
between tbe columns which press upon a and d, is not able to produce a counterpoise. 
Tbe air contained in the siphon a n c d then must receive an impulse in that direction ; 
and consequently must move in a direction contiary to the former. Such is the ex- 
planation of this phenomenon. 

A similar one is observed daily in cinmneys , and it is the more sensible as the flues 
of the chimneys are higher ; for a chimney, with the chamber where it terminates, 
and the door or a window, form a siphon similar to the preceding. Besides, the ex- 
teiioi air from nine in the morning till eight or nine at night in summer, is warmer 
than the interior, and vice reml. In the morning then, the air must descend the 
chimney, and issue through the door or the window; on the other hand, as the exte- 
rior air is colder in th^ night than in the day, it must, during the former, cntci at the 
door or window, and ascend the chimney. About eight or nine in the morning, and 
at eight or nine in the evening, the aii is, as it were, stationaiy : an effect which must 
necessarily take place at the time of the passage from one direction to another. 

Dr. Franklin, who seems to have first observed this phenomenon, says that it 
might be applied to some economical uses during summer; and in that case tbe pio- 
verl), “as useless as a chimney in summer,’' would not be correct. One of these 
uses is, that the chimney might be applied as a safe; for if each of its mouths weie 
closed by a piece of canvas, stretched on a frame, the alternate and almost continual 
current of air which would be established in it, could not fail to preserve meat from 
corruption. 

This current might perhaps be employed also for some work that requires not 
BO much a force as a continuance of it. For this purpose, it would be necessary to 
fix in the flue of the chimney a vertical axis with a helix, like tlie fly of a smoke- 
jack ; the cuirent of air would keep it in continual motion, sometimes in one direc- 
tion, sometimes in the other ; and in all piuhability with sufficient force to laise a 
small quantity of water per hour. And, as it would remain inactive only three or 
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four hours a day, it could not fail to produce a considerable effect daily. Besides, the 
moving povt^er would cost nothing. It would however be necessary to have the 
wheels adjusted in such a manner, that to whatever side the axis furnished with the 
helix turned, the machine should always move in the same diicction ; which is not 
only possible, but was executed by M. Loriot at Paris. 

Remark , — The same effect is easily experienced on a small 8(‘ale, in a close room or 
chamber, which is very warm with seveial persons and candles in it, especially if there 
is no fire or no fire-place. For, by unlatching the door, and setting it a very little open, 
as an inch or half an inch, it will then be found that the air rushes strongly in near 
the bottom, but sets as strongly out near the top, and is quiescent near the middle 
parts. This is very easily tried by holding a candle in your hand, first near the bot- 
tom of the small opening, where the flame is violently blown inwards ; then at the 
top, where it is carried strongly outwards ; but held near the middle, the flame 
of the candle is quite still. 


PROBLEM XLIV. 

To measure the height of mountains hy the barometer. 

It is very difficult, and even sometimes impracticable, to measure the height of 
mountains by geometrical operations. .A traveller, for example, who traverses a 
chain of mountains, and who is desirous of ascertaining the altitude of the principal 
points he has ascended, cannot have recourse to that method. The barometer, how- 
ever, supplies a convenient and pretty exact one, provided it be employed with the 
necessary attention. 

The principle on which this method is founded will be readily conceived, when it 
is recollected that if a barometer be carried to the top of a mountain, the quicksilver 
stands at a less height than at the bottom. 1st. Because it has a less column of air 
above it. 2d. Because this air has less density, as it is freed from the weight of a 
part of the air which it supported at the bottom of the mountain. Such is the foun- 
dation of the rules which have been invented for applying the height at which the 
mercury in the barometer stands to the purpose of measuring the height of mountains. 
But to give a very exact rule in regard to this operation, is attended with no small dif- 
ficulty; for the height of the mercury in the barometer depends on a complication of so 
many physical causes, that it is exceedingly troublesome to subject them to calculation. 
M. de Luc of Geneva, who has considered this subject with the greatest care, by 
combining all these causes and circumstances, seems to have discovered a method 
which, if not' absolutely perfect, is certainly more correct than any before given. 

To proceed with exactness in this operation, it is necessary to have a good portable 
barometer, well freed from air ; and a good thermometer, which we shall suppose to 
be that of Reaumur, though M. de Luc, to facilitate the calculation, proposes a 
particular kind of division. If great correctness be required, it will be necessary 
also that an observer should examine the progress of the barometer at the bottom 
of the mountain, or in one of the nearest towns, the height of which above the level 
of the sea is known. 

When you have reached the summit of the mountain, or the place the altitude 
of which you arc desirous of ascertaining, hold the barometer in a direction perfectly 
vertical, and examine the height of the mercury ; suspend also the thermometer in 
some insulated place in the neighbourhood, and observe the degree to wdiich the 
mercury rises. 

Having then compared the height of the barometer observed on the mountain, 
with that of the corresponding barometer, observed at the same time at the bottom, 
take the logarithms of these two heights, expressed in lines, and cut off from them 
the four last figures ; the remainder will be the difference of the heights expressed 
in French toises, the logs, being to seven places of decimals. 
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But this altitude requires a correction ; for it is only exact when the simiilianeout 
temperature of the two places is 16}, according to the scale of Reaumur's thermo- 
meter. For each degree then that the thermometer has remained below 16}, at the 
upper station, one toise must be added for every 215, and the same must be de- 
ducted for every degree above that temperature. 

The same correction,* but in the contrary sense, must be made by means of the 
thermometer left at the fixed station ; that is to say, for each degree it remained 
above 16}, one toise in 215 must be deducted, and vice verad. The height, when 
twice corrected in this manner, will be the difference nearly between the height 
of the two places above the surface of the sea, or the height of the one above the 
other. 

Let us suppose, for example, that at the lower station the barometer stood at the 
height of 27 inches 2 lines, or 326 lines ; and that at the upper station it fell to 23 
inches 5 lines, or 281 lines. 

The logarithm of 326 is 2*5132176, and that of 281 is 2*4487063 ; their difference 
is 0*0645113 ; from which if the three last figures be cut ofif, to answer for division 
by 1000, the remainder will be 645 toises. 

We shall suppose also, that at the top of the mountain Reaumur's thermometer 
stood at 6 degrees above freezing, and in the lower station at 12 ; that is, for the 
former 10} below 16}, consequently 10} toises are to be added to the above number 
for every 215 ; and hence, by the rule of three, the number to be added will be 
found to be 32 toises. 

It will be found, by the converse correction, that the height to be deducted is 20; 
consequently there will remain 12 toises to be added, and therefore the height twice 
corrected will be 657. 

Mr. Needham, on Mount Tourn6, one of the Alps, observed the height of the 
barometer to be 18 inches 9 lines, or 225 lines. Now if we suppose that it was 
observed at the same moment at the level of the sea to stand exactly at 28 inches or 
336 line«, which is its mean height on the borders of the sea, the diflference between 
the logarithm of 336 and that of 225, cutting olF the last three figures, will be found 
to be 1742. It may therefore be concluded, that the height 6. Mount Tournd is 
1742 toises. But as in this case wc have no corresponding observation at the level 
of the sea, nor any observation of the thermometer made at the same time, we have 
employed this observation of Needham only as an example of calculation. It is 
however probable that the height of Mount Tourne is between 1700 and 1800 
toises. 

The late Professor Leslie of Fidinhurgh has given a very simple rule for computing 
appioximalely the heights of mountains from barometrical observations. It is this: 

the sum of the heiyhts of the mercurial columns^ is to their difference^ so is 52000 to 
the approximate height in English feet. 

To find the height of the upper column at the temperature of the lower, multiply 
the height of the upper column by twice the diiference of degrees in the attached 
centigrade thermometer; and the product, divided by 1000, will be the correction to 
he added to the upper column, for change of temperature; and this height must be 
used in the preceding rule. 

To correct the approximate height for the expansion of the air: multiply the height 
by twice the sum of the degrees on the detached thermometer, and dividing the 
product by 1000, the quotient is the correction to be added to the approximate 
height. 

* This second correction, tlioncrh not mentioned by M. de Luc, appears to us neoessary, fur severa] 
reasons, which it would be too tedious to explain here. 
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A concise rule, with tables for computiiii; liie Iieiglifs* ( iiioiiiitaiiis, is^'ivenin “ A 
Collection of Tables and Furinulie, hy Francis Baily, 


Remarks As a portable barometer is an instriiinenl ditTicult to be procured and 

preserved, it is almost necessary that a traveller, when he is desirous of making 
observations, should construct a barometer for himscll , but in this case, as the 
mercury will not be freed from air. it will always stand a few lines lower than a 
barometer which has been constructed with every possibh caie. This diflereiice may 
amount to tw'O or three lines. 

In regard to Reaumur’s thermometer, it is easily earned, but in what manner 
must a traveller proceed to have corresponding observations, either on the borders 
of the sea, or in any other determinate place, which arc necessary before he can 
employ his own with sufbeient exactness? This difficulty, in our opinion, seeins 
to limit, in a considerable degree, this method of determining the heights of moun- 
tains. 

Besides, it appears that, even if a traveller bad on the borders of the sea, or in 
any village situated for example in the centre of France, the height of which above 
the sea is known, a diligent observer, he would not be much farther advanced, for 
the temperature of the atmosphere may be different on the borders of the tea at Genoa, 
that is to say, it may rain, for example, while the weather is fine and serene on the 
Alps and the Appenincs ; or the contrary may be the case ; and hence there is a new 
difficulty to be surmounted. 

This difficulty however might be obviated in part, by knowing the greatest, the 
mean, and the least elevation, of the barometer on the borders of the nearest sea, 
and thence determining, by meteorological conjectures, the nature of the tempera- 
ture on the mountain to be measured, though one only passed over it ; thus, if an 
hygrometer on the mountain indi<*ated, for example, great moisture, there would be 
reason to conclude that the w'catber was inclined to rain, and that the fixed barome- 
ter stood at its least height. On the other hand, if the air was very dry, it might 
with probability be concluded that the weather was serene, and that the fixed baro- 
meter stood at its greatest height • but it must be confessed that this is not sufficient 
to give a satisfactory exactness. 

IJowcver, a great man} barometrical observatioiib have been made on the summits 
of mountains, and their heights have been thence deduced. Several of them have 
also been measured geometricall} ; and we here add a tabular view of the heights 
above the level of the sea, of the most remarkable inouiitaiiis on the surface of the 
earth, compiled from the most recent authorities. 


EUROPE. 

Mont Blanc, Alps 15088 

Monte Rosa, Alps 15084 

Gros Klockner, Tyrol .... 12790 

Mont Perdu, Pyrenees.,.. 11283 
Pic d’Ossana, ditto........ 11700 

Etna, Sicily 10870 

Monte Carno, Appenines. . . . 9523 

Glac. de Buct, Alps 10124 

Mulharen, Spain 11783 

Pic du Midi, Pyrenees 9300 

Olyuipus,' Greece 9754 

Canigou, Pyrenees 9247 

Mount Cenis, Alps 9212 


Hriuht. 


Feet. 

Monte Velino, Appenines, . . . 8397 

Simplon, Pass of 0502 

The Dole, Mount Jura 5,523 

IJeela, Iceland 4887 

Siiulietta, Norway 8122 

Mont Mezin, France 0507 

Puy dc Sanca, France 0200 

Vesuvius, Italy 3932 

Dhawalagiri, Himalaya 28007 

Jewahii*, ditto 25747 

MownaRowa, Sandwich I. . . 15988 
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Height 

Feet 

Opbir, Sumatra 1.3849 

Kgmont, New Zealand .-<■••• 1 1430 

Ararat, Armenia 17260 

Lebanon, Palestine 9600 

A waiska, Kamsebatka ...... 12000 

AFRICA. 

Peak of Teyde, TenerifF. . . • 12180 

Atlas, highest peak of, more 

than 12000 

Table Mountain, Cape of 
Good Hope. • • 3520 

AMERICA. 

Ne vado di Soiiato • • • 25250 

Illimani, Gold Mount. Peru 24450 

Cbimbora 90 21600 

Oajambi 19360 

Antisuna, Rocky Mountains. 19136 

Oatapani, ditto 18867 

Popocatepetl, ditto 17903 

Mount St. Elie 17883 

Orizaba 17390 

Pinchineba, Rocky Mountains 15931 

Mine of Chata, Peru 11830 

Mean height of Andes 11820 

Quito, City of • 9515 


El Pinal, City of 8^2 

Las Vigias, ditto 7820 

Perote, ditto 7723 

Mexico, ditto. • . . 7468 

La Puebla, ditto 7200 

St. Juan del Rio, ditto 6484 

MouiitWashington, Appalachian 6650 

GREAT BRITAIN. 

Benmacdouie, Scotland 4390 

Ben Nevis, ditto ......... 4370 

Cairngoim, ditto 4060 

Whernside, Yorkshire 4050 

Ingleborougb, ditto 3987 

Ben La were, Scotland 3858 

Ben More, ditto 3723 

Ben Gloe, ditto 3690 

Snowdon, Wales 3555 

Shehalion, Scotland 3461 

Helvellyn, England 3324 

Skiddaw, ditto .••••• .... 3270 

Ben Ledi, Scotland 3009 

Ben Lomond, ditto. 3240 


Macgillicuddy’s Reeks, Ireland 3404 
Mourne Mountains, ditto. . . . 2500 
Rippin Tor, Devonshire .... 1549 


General Observation . — We shall here remark, that the very considerable differ- 
ences often found between the barometric and geometrical measurement, must not 
be entirely imputed to the method. The latter is certain; but the observers of 
the barometrical heights have often employed imperfect instruments; in general, 
they have had no corresponding observations ; and they have scarcely ever taken into 
account the difference of temperature at the posts of comparison ; these differences 
need therefore excite no astonishment. 


Remark — We must observe that the French, in general, consider 28 ParFs inches 
as the mean height of the barometer at the level of the sea ; and as the following 
remarks on this subject by Mr. Kir wan, may be of use to the reader, we here sub- 
join them : — “ Sir George Schuckburg has shewn, from 132 observations, made in 
Italy and in England, that the mean height of the barometer at the level of the 
sea, the tempciature of the mercury being 55% and of the air 62% is 30'04 inches ;• 
we may then assume the height of 30 inches as the natural mean height of the baro- 
meter at the level of the sea, in most temperatures between 32^ and 82° ; for if 
the mercury were cooled down to 32°, that is 23° below 55°, it would be lowered 
by that condensation only 0 07 of an inch ; and if it were heated up to 80°, that is 
25® above 55% it would be raised only *078 of an inch ; quantities which, except in 
levelling, may be safely disregarded. 

*♦ The French have heretofore considered 28 Paris inches as the mean height of 
the barometer at the level of the sea, that is 29 84 English inches. But from 1400 
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ob«frration$, made at Rocbelleby Fleuriou de Bellevu«*, and from five years* obser- 
vations made at Port Louis, in the Isle of Fraiire, be ( oiicludes the mean height of 
the barometer at the level of the sea to be *28 inches and two lines and ^3 of a line 
in the temperatures of from 5*2“ to 5.5^* Fahrenheit, or ()8 English inches.* Hence 
we may consider, in round numbers JW) mebeh as the sf.mdard height of barometers 
at the level of the sea. And knowing the tiue height of any part of the earth, we 
may, by suhtrartiiig that height, expressed iii fathuiie . troin the log. of 30, viz. 
7*171 *213. fmd the logaiitbm which indicates the nutnlu r of inches at w'hich, as its 
natural mean, the mercury should stand at that height 4il>oiit the level of the sea. 

*• Thus. nipiHNliig the height to he 87 teet, equal to 14-500 fathoms : then 
4771*213 — 14*500=: 4755 713, which is the h»garithiii of ‘2J)-0; this therefore is the 
imtural mean height of the liaroiueter at the elevation of 87 feel above the level of 
the sea. 

** Consequently, to all heights heretofore cahMilated hy the Freneh, above the 
level of the sea, l»39 3‘2 feet mui»t be ailded fjighsh measure, wdien tlie inereurinl 
height at the level of the sea >vhs haiely supposed to he 28 Freneh inches.” (On 
the Variation of the Atiuosjihere, by Uichard Kirwun, Esq. LL.D., F.tt.S., and 
P.R.I.A- Dublin. 1801.) 

BuU to eompuU height* hg the Baroneterin Engluh meaturet, hg Dr, Charles Hutton, 

To complete the foregoing account of the measurement of altitudes by the baro- 
meter, 1 shall here annex the method of peifoiming that operation in English 
measures, either feet or fathoms, as extracted from my Philosophical Dictionary, 
article Barometer, or fioin my Course of Mathematics, vol. 2, p. 255, edit. 6tb ; which 
IS as follows. 

1. Observe the degree or height of the barometer, both at the bottom and top 
of the hill, or other place, the altitude of which is required, as also the degree of the 
thermometer, for the temperature of the air, in both the same places. 

2. Take out, from a table of logarithms, the logs, of these two heights of the 
barometer in inches and parts, and subtract the less log. from the greater. If from 
the reinaiuder there be cut off three figures on the right baud, w*bere (he logs, con- 
sist of seven places, the other figures on the left hand will give the altitude re- 
quired in fathoms of 6 feet each. 

3. The above result requires a small correction, when the medium temperature 
of the air is different from 31 degrees of Fahrenheit’s thermometer, which may be 
thus found, when much accuracy is desired. Add the two observed heights of the 
thermometer together, and take half that sum for the mean temper of the air. 
Take the difference between this mean and the number or temper 31 ; then, as many 
units as this difference amounts to, take so many times the 4d5tb part of the fathoms 
above found; to which add them when the mean temperature exceeds 81, but sub- 
tract them when it is less ; and the result will be the more correct altitude of the 
hill, &c., as required. 

A small correction for the temperature of the barometer is sometimes employed, 
as may he seen in the books above quoted ; but it is so small as to be seldom neces- 
sary to be observed. 

For an example, suppose at the foot of a mountain, the barometer he observed 
29*68 inches, and the thermometer 57 ; at the same time at the top of the mountain 
the barometer was 25*28, and thermometer 42. Then the calculation will be as 
below. 

• La Cbappt tbought it 98 incliei 1*3 lines. See Beguelio’s Memoir. Mem. Berl. 1780. 12 Coll. 
Acad. 424. 
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29-68 

log. 

4724639 

57 

2S-28 

log. 

4027771 

42 



696*868 

2)99 


or 697 nearly. 

49^ mean. 




31 siibtr. 




18i 


Then, as 435 : 18J : ; 697 .* 29 the correction. 

29 

726 fathoms = 4356 f. 

So that the required altitude is equal to 726 fathoms, or 4356 feet. 

PROBLEM XLV. 

To make an arti^ciaf Fountain, which ghall imitate a natural spring. 

We here suppose that those who intend to try this experiment, have at their 
command a piece of ground, somewhat inclined, the bottom of which is a bed of clay, 
not far distant below the surface of the earth. In this case, a spring absolutely 
similar to a natural one, and capable of answering every domestic puipose, may be 
constructed by the following process. 

Uncover this bed of clay for the extent of an acre, or about 70 yards in length, 
and the same in breadth. A border of clay must be formed at the lower end, 
leaving one aperture at the lowest point, through which the w^ater may issue. To 
this aperture adapt a stone with a hole in it, about an inch in diameter. Then 
collect pebbles of various siaes, and cover this area with the largest, leaving an 
interval of a few inches only between them. Place others, somewhat smaller, above 
the interstices left by the former ; arranging several strata in this manner above each 
other, always diminishing the size, till the last are only very large gravel. Cover 
the whole, to the thickness of some inches, with coarse sand, and then with some 
that is finer ; but if moss can be procured it will be proper to cover the very large 
gravel with it to the thickness of half an inch, to prevent the sand from falling into 
the interstices between the pebbles. 

It is evident that the rain water, which falls on the surface of this area, wdll pene* 
trate through the sand, flow into the interstices between the pebbles, which cover 
the bed of clay, and at last, in consequence of the inclination of the ground, will 
proceed towards the aperture at the bottom, through which it will issue in a stream 
of greater or less size, according to the abundance of the rain. 

Now, if we suppose that the water which falls annually on this piece of ground 
is 18 inches in height, it will be found that the quantity of water collected will be 
66150 cubic feet ; and if we suppose one fourth wasted by evaporation, or remain- 
ing between the joints and interstices of the stones, sand, and moss, we shall still 
have about 49600 cubic feet of water in the year, or about 303800 gallons ; that is 
to say, almost 1000 gallons per day, a quantity much more than is necessary for the 
largest family. 

It will perhaps be said that such a spring of water would cost exceedingly dear. 
This we shall admit. But we much doubt whether the construction of it would 
cost BO much as that of a large cistern, which, to confine the water, requires to be 
lined with clay or cement : besides, the water collected by a cistern is only the 
rain water which falls from the roofs of a few houses, and which is consequently 
impure. 

Besides, it might be rendered much less expensive by preparing, in the above man- 
ner, a small portion of ground, such as twenty yards square ; and, to increase the 
quantity of rain water thus obtained, which would not exceed 5400 cubic feet, that 

2x2 



676 


PHILOSOPHY. 


which fell on the neighbouring ground might be conveyed thither by small drains, 
from the distance of some hundred yards. By these means, a very abundant reser- 
voir of filtred water might be formed at a very small expense ; and the proprietor 
would enjoy the pleasuie of having a spring exactly similar to those furnished by 
nature. 

We are only apprehensive that the water would flow off with* too much rapidity; 
but this inconvenience might be prevented by making the aperture through which it 
escaped of such a size as to render it perpetual ; or by adapting to it a cock, and 
keeping it shut till it might be necessary to draw water. 

PROBLEM XLVT. 

What is the weight of the air with which the body of a man is continually loaded f 

Who would imagine that the human body is continually loaded with the weight 
of twenty or thirty thousand pounds, which compresses it in every direction ? This, 
however, is a truth which has been placed beyoud all doubt by the discovery of the 
gravity of the air. 

Every fluid presses on its hose, in the ratio of the extent of that base, and of its 
height. But it has been proved that the weight of the air is equivalent to the 
weight of a column of water 32 feet in height ; consequently every square foot, at 
the surface of the earth, is charged with a column of air equal to one of water of 32 
cubic feet ; that is to say 2000 pounds, as a cubic foot of water weighs 62 pounds 
and a half. The surface of the body in a man of moderate size is estimated at 14 
square feet ; aud therefore, if 2000 be multiplied by 14, we shall have 28000 pounds 
for the weight applied to the surface of the body of a moderate sized man. 

But how is it possible to withstand such a load ? The answer is easy : the whole 
human frame is filled with air, which is in equilibrium with the exterior air. Of this 
there can be no doubt ; for an animal placed under the receiver of an air-pump, swells 
up as soon as the machine begins to be evacuated of air ; and if the operation be con- 
tinued, it will distend so much that it will at length perish and even buist 

It is the difference of this gravity that renders us more active or oppressed, accord- 
ing as the body is more or less loaded. In the first case, the body being more con- 
tracted by the weight of the air, the blood circulates with greater rapidity ; and all 
the animal functions are performed with more ease. In the second, the weight being 
diminished, the whole machine is relaxed, and the orifices of the vessels become 
relaxed also ; the motion of the blood is more sluggish, and no longer communicates 
the same activity to the nervous fluid; we aie dejected, and incapable of labour, 
as well as of reflection, and this is the case in particular when the air is at the same 
time damp : for nothing relaxes the fibres of our frail machine so much as moisture. 

PROBLEM XLVII. 

Method of constructing a small machine^ whirhf like the statue of Memnon, shall emit 

sounds at sun-rise. 

The story respecting the statue of Memnon, exhibited in one of the temples of 
Egypt, is well known. If we can credit the ancient historians, it saluted the rising 
sun by sounds, which seemed to proceed from its mouth. But however this may 
be, a similar effect can be produced in the following manner. 

Provide a pedestal, in the form of a hollow parallelopipedon arc (Fig. 28.) ; 
and let the cavity be divided into two parts by a partition d e. The lower part 
must be very close, and filled with water to a third of its height : the remainder must 
be tilled with air. The partition d e must have a hole in it to receive a pipe, some 
lines in diameter, well soldered into it, and which reaches nearly to the bottom of 
the lower cavity. This tube must contain such a quantity of water, that when the 
air is cooled to the temperature of night, the water shall be nearly at the level of f o. 



mbmnon’s statue. 


Fig. 28. One of the faces of the pedestal must be so thin as 

0 to become easily heated by the rays of the sun. Of 

all metals, lead is the soonest heated in this manner ; 
and therefore a thin plate of lead will be very proper 
for the required purpose. 

a! K L is an axis which revolves freely on its pivots 
at K and L ; round this axis is rolled a very flexible 
cord, which supports on the one hand the weight n, 
and on the other the weight m, which moves freely in 

I the pipe h i. The ratio of these weights must be 

such, that M shall prepondeiate over n, when the 
former is left to itself; but n must pieponderate when the former loses a part of 
its weight by floating in the water : this combination will not be attended with 
much difllrulty. 

In the last place, the axis K L supports a barrel, some inches in diameter, and a 
few inches in length, implanted with spikes, which, touching keys like those of a 
harpsichord, raise up quills and make them strike against strings properly attuned. 
The air must be finished in one or two revolutions of the barrel, and it must be 
exceedingly simple, and consist of a few notes only. All this mechanism may be 
easily inclosed in the upper cavity of the pedestal. On the top of it must be placed 
a figure or bust, representing that of Memnon, wdth its mouth open, and in the 
attitude of speaking. It would not be diificult to connect its eyes with the axis k l, 
in such a manner as to render them moveable. 

From this description it may be readily conceived, that the side of the pedestal, 
exposed to the cast, cannot receive the rays of the sun without becoming hot ; and 
that, when heated, it will beat the air contained in the lower cavity ; this air will 
make the water rise in the pipe h i, by which means the weight n will preponderate, 
and cause the axis k l to revolve, and consequently the cylinder furiiibhed with 
spikes, w'hich will raise the keys ; and in this manner the air that has been noted 
will be performed. But for this purpose the diameter of the axis Kh must be so 
proportioned, that the weight n by descending, two lines for example, shall cause the 
cylinder to revolve once or twice with sufficient rapidity to make the sounds succeed 
each other quick enough to form an air. 

Father Jiircber, it is said, had in his museum a machine nearly of the same kind; 
a description of which has been given by Father Schott; but we think ourselves 
authorised to assert, that it could not produce the desired effect ; for Schott says that 
the air was impelled through a small pipe against a kind of vanes, implanted in a 
small wheel ; but as the air, in this manner, could issue only very slowly, it is 
evident that no motion could be communicated to the wheel. If Rirchcr’s machine 
then produced any effect, as said, the mechanism of it has not been properly de- 
scribed by Schott. We will not venture however to assert, that the one in question 
will answer the intended purpose, as we much doubt whether the rising sun would 
rarefy the air, contained in its lower cavity, in a manner sufficiently sensible in all 
climates. 


Bemark We shall say nothing farther in regard to the machines which may be 

put in motion by the compression, or the rarefaction, or condensation, &c. of the air ; 
for if we should imitate Father Schott, we might find sufficient matter to fill a 
quarto volume. We shall therefore refer those who are fond of such machines to 
the ** Mecanica Hydraulico-Pncumatica ** of that Jesuit, printed at Frankfort, in 
lt>57, 4to; and to his “ Technica Curiosa, or Mirabilia Artis.” Herbip. 1664, two 
vols. 4to. 

The reader will find in these books abundance of such frivolous invention^ 
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extracted for the moat part from the work of Father Kircher, who paid a good deal 
of attention to them ; and from the “ Spiritalia *’ of Hero ; and from Alleoti, his 
translator and commentator; as also the “ Pbilosophia Fontium,"of Dobrexensky, 
&c. &c. 

PROBLEM XLVni. 

The phenomena of Capillary Tubes, 

Capillary tubes are tubes of glass, the interior aperture of which is very narrow, 
being only half a line, or less, in diameter. The reason of this denomination may 
be readily perceived. 

These tubes arc attended with some singular phenomena, in the explanation 
of which philosophers do not seem to have agreed. Hitherto it has been easier, in 
this respect, to destroy, than to build up. The principal of these phenomena are as 
follow ; 

I. It is well known that water, or any other fluid, rises to the same height in two 
tubes, which have a communication with each other ; but if one ot the branches be 
capillary, this rule does not hold good : the water in the capillary tube rises above 
the level of that in the other branch ; and the more so, the narrower the capillary 
tube is. 

It seemed very easy to the first philosophers, who beheld this phenomenon, to give 
an explanation of it. They supposed that the air, which presses on the water in the 
capillary tube, experiences some difficulty in exercising its action, on account of the 
narrowness of the tube ; and that the result must be an elevation of the fluid on 
that side. 

This hoivever was not very satisfactory ; for what reason is there to think that 
the air, the particles of which are so minute, will not be at perfect freedom in a tube 
half a line, or a quarter of a line, in diameter ? 

But whether this explanation be satisfactory or not, it is entirely overturned by 
the second and third phenomena of the capillary tubes. 

II. When mercury is employed, instead of watei, this fluid, instead of rising in 
the capillary branch, to the level which it reaches in the other, remains below that 
level. 

III. If the experiment be performed in vacuo, every thing takes place the same 
08 in the open air. The cause of this phenomenon then is not to be sought for in 
the air. 

IV. If the inside of the tube be rubbed with any greasy matter, such as tallow, 
the w^ater, instead of rising above the level, remains below it. The case is the same, 
if the experiment be made with a tube ot wax, or the quills of a bird, the inside 
of which is always greasy. 

V. If the end of a capillary tube be immersed in water, this fluid immediatly rises 
above the level of that in the vessel, and to the same height to which it would rise 
in a siphon, if one of its branches were a capillary tube, and the other of the com- 
mon size ; so that if the surface of the water only be touched, it is immediately 
attracted, as it were, to the height above mentioned, and it remains suspended at 
that height when the tube is removed from the water. 

VI. If a capillary tube be held in a perpendicular direction, or nearly so, and if 
a drop of water be made to run along its exterior surface, when the drop reaches 
its lower aperture, it enters the tube, if it be of sufficient size, and rises to the 
height at which it would stand, above the level; in the branch of a siphon, of 
that calibre. 

VII. The heights at which water maintains itself in capillary tubes, are in the 
inverse ratio of the diameters. Thus, if water rises to the height of 10 lines in a 
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tube one 3rd of a line in diameter, it ought to rise to the height of 10 lines in a 
tube one 6tfa of a line in diameter, and to the height of 100 in a tube one SOtb of 
a line in diameter. 

The falling of mercury below the level in such tubes, follows also the inverse 
ratio of the diameters of the tubes. 

VIII. If a capillary tube be formed of two parts of unequal calibres, as seen Fig. 
29, where the diameter of a b is much less than that of b c, and 
if a 6 be the height at which the water would maintain itself in 
a tube such as a b, and c d that at which it would remain in 
the larger one b c, when this tube is immersed in such a man- 
ner that the aperture of the smaller end b, shall be raised 
above the level, by a height greater than c rf, the water will 
maintain itself as in d e, at that height c d above the level ; but 
if the tube be immersed in such a manner that the' water 
shall reach to b, it will immediately rise to the same height 
as if the tube were of the same calibre as that before men- 
tioned. 

The case is the same, if the capillary tube be immersed, beginning with the nar- 
rower hr.inrh. 

IX. J iiosr persons would he deceived wdio should imagine, that the lightest 

I'ou' I'st tfr the gieate^t height in these tubes: of aqueous liquors, spirit of wine 
!s that \\hirh fi'*' ( tfic least height. In a tube in which watei rises 26 lines, spi- 

lii oj unie »’s( n'ly Dor 10. The elevation of spirit of wine, in general, is only 
the hall or a J ii i of thai of watc'. 

Till" elevatu) 1 depends also on the nature of the glass: in certain tubes, 
water rises h’ghcr Mjan n. others, though their calibres be the same. 

To be .’onviucod that these effects are not produced by anything without the tube 
or the liquor, it is necessary to see these phenomena, which are indeed the same in 
a vacuum, or in air highly rarefied, as in the air uhieh we breathe. They vary also 
according to the nature of the glass of which the tube is formed ; and they are 
different according to the nature of the fluid. The causes therefore must besought 
for in something inherent in the nature of the tube, and in that of the fluid. 

This cause is generally ascribed to the attraction muliially exercised between 
glass and water. This explanation has been controverted by Father Gerdil, aBar- 
Tiabite and an able philosopher, who has done everything in liis power to overturn it. 
On the other hand, M. de la Lande has stood forth in its defence, and is one of 
those modern writers who have placed this explanation in the clearest light. The 
reader may consult also, on this subject, a very learned and profound memoir by M. 
Weitbrecht, in the Memoirs of the Imperial Academy of Sciences at Petersburg. 

PROBLEM XLIX. 

Of some attempts to produce a PerpetuaV Motion ^ hy means of capillary siphons. 
When philosophers saw water rise in a capillary tube, above the level of that in 
which it w^as immersed, or above that at which it stood in a wider tube, with which 
it formed an inverted siphon, they were induced to conjecture the possibility of a 
perpetual motion : for if the water, said they, rises to the height of an inch above 
that level, let us interrupt its ascent, by making the tube only three quarters of an 
inch in height : the water will then rise above the orifice, and falling down the 
sides into tlie ves.'.el, the same quantity will again rise, and so on in succession. Or, 
if the water that rises in the capillary branch of a siphon be conveyed, “by an inclined 
tube, into the other branch, a continual circulation of the fluid will take place $ 
and hence a perpetual motion given by nature. 

But, unfortunately, this idea was not confirmed by experiment. If the ascent 


Fig. 29. 






PHILOSOPHY, 


of w«t«r» in « eapnitfjf tob«, be intercepted, by cuiUiig the tube at half the height 
t^esMiple, to which the water ought to ri»t\ the latter will not rise above th© 
oittee to trickle down the tides. And the rase will be the same in the other 

The IbUowlng, however, is a very Ingenious one ; and it is dimcult to discover 

the came of iU not wieeeedifig. 


i— ^ ^ capillary tube, the diameter of the 
long branch of which It much smaller than that of the other ; it is 
mppoMd, that if the orifice a lie immersed in the water contained 
to the tciael o a. it will rise to a, the summit of the bending of 
^ IwW ; and that in the other branch a c, it will rise ocily to 
the height c v above the level. 

^ filtod with wafer, and if it be immersed to 
eorh a depth that the water can rise, as above said, to the bend- 
ing a, it appeara evident, and incontestable, that the water in 
the part n n, will force doom that contained in c k. But this 
cannot take place without the water contained in a b following 
ki hmm the water will continually ascend from a to n, and fall down into the 
YtWMHI* thMOgh the hranch a c. Here then we have a perpetual motion. 

IMthll ii amre apeeiom; hut unfortunately this illusion is destroyed also by 
t ayctkoct j the water doea not fall through the branch b c; on the contrary it 
fima till the branch a a alone la full. 

Wc fhinh It our duty to aul^oto here another idea of a perpetual motion, by 
meam of two aipboiia, though the aiphont employed for this purpose are not alto- 
gether eaplttary. It deaervea the more attention, as it was not proposed by an 
ohseure person, hut by one wbe is justly classed among the greatest mathematicians ; 
1 the celebrat^ John Bernoulli 



Let there be two liquors, said Bernoulli, susceptible of 
being mixed together, the specific gravities of which are as 
the lines a d and c o (Fig. 31.) ; it is well known that if 
two tiihe<«, which cominunicate with each other, have their 
heights above tbe branch of communication in the same 
ratio, the shortest branch may be filled with the heaviest 
fluid, and tbe longest with tbe lightest, nnd these two fluids 
will remain in equilibrio : hence it follows, that if the longer 
branch be cut somewhere below tbe length it ought to have, 
the fluid contained in this branch will run into the lower 
one. 

Let us now suppose that the shorter branch e p, is filled with a fluid composed 
of two liquors of different specifle gravities, and that a filtre be placed in the point 
F, 80 as to afford a passage only to the lighter ; let the tube p o be filled with tbe 
latter, and let its height be somewhat less, in order to establish an equilibrium be- 
tween the liquor in the branch e f, and that in f o. 

Things being in this state, as the filtre suffers only the lighter liquor to pass, the 
latter, in consequence of the equilibrium being destroyed, will he impelled outwards, 
through the orifice g ; and consequently may be conveyed by a small pipe into tlie 
orifice b, where it will again mix with the liquor contained in e r • and this effect 
will always continue, because the column of liquor o f will be too light to counter- 
iMilance the compound column x p. Here then we have a perpetual motion ; and this, 
says Bernoulli, is that which maintains tbe rivers, by means of the water of the sea ; 
for, adhering to the old ideas, in regard to the origin of fountains, he imagined it was 
by a similar mechanism that the sea water, deprived of its salt, was conveyed to the 
summits of the mountains. He only rejected the idea of those who pretend that it 
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ri'^os above itg level, in consequence of the property of capillary tubes; for he re« 
iiitirked that in that case it would not flow down. 

We will not venture to assert what might be the case, if it were possible to realise 
the suppositions of Bernouilli : we are however strongly inclined to believe that it 
would not succeed ; and as the above reasoning, in regard to capillary tubes, though 
111 appearance convincing, is belied by experience, we are of opinion that the case 
would be the same with this of Bernoulli. 

PROBLEM L. 

The prodigious force of moisture to raise burthens. 

One of the most singular phenomena in physics, is the force with which the vapour 
of water, or moisture, penetrates into those bodies which are susceptible of receiving 
it. If a very considerable burthen be affixed to a dry and well stretched rope, and 
if the rope be only of such a length as to suffer the burthen to rest on the ground, 
on moistening the rope you will see the burthen raised up. 

The anecdote respecting the famous obelisk erected by Pope Sixtus V., before St, 
Peter^s, at Rome, is well known. The chevalier Fontana, who had undertaken to raise 
this monument, was, it is said, on the point of failing in his operation, just when the 
column was about to be placed on its pedestal. It was suspended in the open air: 
and as the ropes had stretched a little, so that th^ base of the obelisk could not 
reach the summit of the pedestal, a Frenchman cried out ** Wet the ropes.** This 
advice was followed ; and the column, as if of itself, rose to the necessary height^ 
to be placed upright on the pedestal prepared for it. 

This story, however, though often repeated, is a mere fable. Those who read the 
description ot the manceuvres which Fontana employed to raise his obelisk, will see 
that he had no need of such assistance. It was much easier to cause his capstans to 
make a few turns more than to go in quest of sponges and water to moisten his 
ropes. But the story is established, and will long be repeated in France, because 
it relates to a Frenchman. 

However, the following is another instance of the power of moisture, in over- 
coming the greatest resistances : it is the method by which millstones are made. When 
a mass of this stone has been found sufficiently large, it is cut into the form of a cylin- 
der, several feet in height ; and the question then is, bow to cut it into horizontal 
pieces, to make as many millstones. For this purpose, circular and horizontal indenta- 
tions are cut out quite around it, and at proper distances, according to the thickness 
to be given to the millstones. Wedges of willow, dried in an oven, are then driven 
into the indentations by means of a mallet. When the wedges have sunk to a proper 
depth, they are moistened, or exposed to the humidity of the night, and next morning 
the different pieces are found separated from each other. Such is the process 
which, according to M. de Mairan, is employed in different places for constructing 
millstones. 

By what mechanism is this effect produced ? This question has been proposed by 
M. de Mairan ; but in our opinion, the answer which he gives to it is very unsatis- 
fictory. It appears to us to be the effect of the attraction by which the water is 
made to rise in the exceedingly narrow capillary tubes with which the wood is filled. 
Let 118 suppose the diameter of one of these tubes to be only the hundretb pai*t of a 
line ; let us suppose also that the inclination of the sides is one second, and that the 
force with which the water tends to introduce itself into the tube, is the fourth part 
of a grain; this force, so very small, will tend to separate the flexible sides of the tube 
with a force of about 50000 grains ; which make about 8J pounds. In the length 
of an inch let there be only 50 of these tubes, which gives 2500 in a square inch, and 
the result will be an effort of 21875 pounds. As the head of a wedge, of the kind 
above mentioned, may contain four or five square inches, the force it exerts will be 
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raoBLni u. 

Of Papm*$ Diffeiter. 

Papin's digtstar is a TeHel. by roeans of which a degree of beat it roromunicated 
to water, superior to that which it acquires when it boils. Water indeed exposed 
to common air, or the mere pressure of the atmosphere, however strongly it boil, 
can acquire only a certain degree of heat, which never varies ; but that inclosed in 
Papin's digester acquires such a degree, that it is capable of performing operations, 
for which common boiling water is absolutely insufficient. A proof of this will be 
seen in the description of the effects produced by this machine. 

This vessel may be of any form, though ^he rylindric or spherical is best; but it 
must be made of copper or brass A cover must be adapted to it, in such a manner 
as to leave no apeiture through which the water can escape. To prevent the vessel 
from bursting, a bole is made in the side of it, or in the cover, some lines in dia- 
meter, with an ascending tube fitted into it, on which is placed the arm of a lever 
kept down by a weight. This lever serves as a moderator to the beat ; for if there 
were no weight on the aperture of this regulator, the water, when it attains to a 
certain degree of common ebullition, would escape almost entirely through the 
aperture, either in water or in steam : if the weight be light, the water, in order to 
raise it, must assume a greater degree of heat. If there were no regulator of this 
kind, the machine might burst into pieces, by the expansive force of the steam. 
For this reason, it is proper that the machine should be of ductile copper, and not 
of east iron ; because the former of these metals docs not burst like the latter, 
but tears as it were; so that it is not attended with the same dangerous conse- 
quences. 

When the machine is thus constructed, fill it with water, and having fitted on the 
cover, let it be fastened strongly down by a piece of iron placed over it, which can 
be well secured by screws : then complete the filling it through the small tube which 
serves as a moderator or register, and set it over a strong fire. The water it con- 
tains cannot boil ; but it acquires such a degree of beat that it is able, in a short 
time, to soften and decompose the hardest bodies ; while the same effect could not 
be produced by ebullition continued for several weeks ; it is even said that the heat 
may be carried so far, as to bring the machine to a state of ignition ; in which case 
it is evident that the water must be in the same ; but in our opinion this experiment 
is exceedingly dangerous. 

However, the following are some of the effects of this heat, when carried only to 
three, four, or five times that of boiling water. 

Horn, ivory, and tortoise-shell, are softened in a short time, and at length reduced 
to a sort of jelly. 

The hardest bones, such as the thigh bone of an ox, are also softened, and at 
length entirely decomposed ; so that the gelatinous part is separated from them, and 
the residuum is nothing but earthy matter. When no more than the proper degree 
of heat has been employed in this decomposition, the jelly may be collected: it 
coagulates as it cools, and may be made into nourishing soup, which would be equal 
to that commonly used, if it had not a taste somewhat empyreuraatic. This jelly 
may be absolutely formed into dried cakes, which will keep exceedingly well, 
provided they be preserved from moisture. They may serve as a substitute for 
meat soup, Ac. 
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Eeaep it maybe eoneeired, how uaefial this machine might be rendered in the arti» 
hr economy, and in navigation. 

From theie bones, thrown away as useless, food might be obtained for the poor in 
times of scarcity, or some ounces of bread, with soup made from the above cakes, 
would form wholesome and nourishing aliment. 

Sailors might carry with them, during their long voyages, some of these cakes, 
preserved in jars hermetically sealed ; they would cost much less than preparations 
of the same kind from meat, as the matter of which the former are made is of no 
value. The sailors, who are accustomed to live on salt pronsions, would he less 
exposed to the scurvy. At any rate, these cakes might be reserved till a scarcity 
of fresh meat or of any other kind of provisions, which so often takes place at sea. 
It would be a great advantage to have collected into a small volume the nourishing 
part of several oxen ; for since a pound of meat contains, at least, an ounce Of gela- 
tinous matter reduced to dryness, it thence follows, that 1500 pounds of the same 
meat, which is the whole weight of a bullock, would give only 94 pounds, which 
might he easily contained in an earthen jar. 

In the last place, it would be of great use to the arts, to be able, with a machine 
of this kind, to soften ivory, horn, bone, and wood, so as to render them susceptible 
of being moulded into any fotm at pleasure. 

PROBLEM LH. 

What is the reason (hat in winter, when the weather suddenly becomes mild, the air 

in houses continues, even for several days, to he colder than the exterior air f 

This question will present no difficulty to those who are acquainted with the 
phenomena of the communication of heat. It is well known, indeed, that the rarer 
a body is, the less time it requires to become hot, or to cool ; and, on the other 
hand, that the denser it is, the more obstinately it retains the heat it has 
acquired. 

Hence it may be easily conceived, that when cold has prevailed foi some time, all 
the bodies of which our houses are composed, are cooled to the same degree as the 
exterior air. But when the exterior air, by any particular cause, becomes suddenly 
warmer, these bodies do not immediately assume the same temperature: they lose 
only gradually that which they had acquired; and during this time the interior air, 
which is surrounded by them, retains the same degree of cold. 

Houses, strongly built — that is to say, constructed of good squared stone, which 
have thick walls — must, for this reason, retain much longer the cold they have re- 
ceived from the exterior air; and, for the same reason, the air within these houses 
will remain longer at a temperature below that of the atmosphere, than in houses 
built in a slighter manner : for the same reason, also, it will be less cold in such 
houses, at the commencement of winter, than in slighter houses. 

PROBLEM LIU. 

Of some natural signs, by which a change of the present temperature of the air can 

he predicted. 

This part of philosophy, we must confess, is still in its infancy. No person has 
ever yet been able to make a series of observations, sufficient to shew the connec- 
tion which subsists between the temperature of the air, and different physical signs 
which are commonly supposed to precede them. We shall here confine ourselves 
to a few of those signs, which are commonly considered as indications of good or 
had weather, but we will not warrant them as infallible. 

Ist. When a strong hoar frost is seen on the ground in the morning, during win- 
ter, it will not fail to rain the second or third day after, at farthest. 
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2d. It has also been remarked, that it commonly rains on the day when the sun 
appears red or pale; or the next day when the sun at the time of setting is involved 
in a large cloud ; in this case, if it rains, the next day is exceedingly windy. 
The same thing almost always takes place also, when the suii at setting appears 
pale. 

3d. When the sun is red at the time of his setting, it is commonly a sign of fine 
weather the next day ; on the other hand, if he rises red, rain or a strong wind 
. commonly takes place the day after. 

4tb. When a whit^ mist or vapour is seen to rise from the water or marshy 
places, after the sun has set, or a little before he rises, one may conjecture, with 
some degree of probability, that next day will be fine. 

5tb. When the moon is pale, it indicates rain ; when red, wind may be expected ; 
and when of a pure and silver colour, it is a sign of fair weather, according to this 
verse : 

Pallida Iona plait, rubicuitda flat, alba aerenat. 

6th. When small black clouds, detached from the rest, and lower, are seen wan- 
dering here and there, or when several clouds are seen collected in the west, at sun 
rise, it is a sign of a future tempest. If these clouds, on the other hand, disperse, 
it is a sign of fine weather. When the sun appears double or treble through 
clouds, it prognosticates a storm of a long duration. It is the sign of a great storm 
also, when two or three broken and spotted circles are seen around the moon. 

7th. When an iris, or rather halo, is seen around the moon, it is a sign of rain ; 
end if a halo is seen around the sun, during bright and serene weather, it is also 
a sign of rain : but if the halo appear in the time of rain, it is a sign of fine 
weather. 

8th. If animals shew signs of fear and uneasiness, while the weather is exceedingly 
culm and close, it is almost certain that a storm will ensue. The barometer, in 
this case, falls exceedingly low all of a sudden. 

9th. Indications of rain not being far distant, may be gathered from the actions 
of various animals, as follows ; 

When birds are seen more employed than usual in searching among their feathers, 
for the small insects which torment them ; 

When those which are accustomed to remain on the branches of trees, retire to 
their nests ; 

When the sea-gulls, and other aquatic fowls, and particularly geese, make a greater 
noise than usual ; 

When the swaljowsfly very low, and seem to skim over the surface of the earth; 
When pigeons return to the pigeon-house before their accustomed time ; 

When certain fish, such as the porpoise, sport at the surface of the water ; 

When the bees do not quit their hives, or fly only to a very short distance ; 
When sheep bound in an extraordinary manner, and push each other with their 
heads ; 

When asses shake their ears, or are very much stung by the flies ; 

When flies and gnats sting more severely, and are more troublesome than usual ; 
When a great number of worms issue from the earth ; 

When frogs croak more than usual ; 

When cats rub their heads with their fore-paws, and lick the rest of their bodies 
with their tongue ; 

When foxes and wolves howl violently ; 

When the ants quit their labour, and conceal themselves in tbe earth ; 

When the oxen, lying together, frequently' raise their heads, and lick each other’s 
muzzles ; 

When tbe cccks crow before their usual hour ; 
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When domestic fowls flock together, and sqiieese themselves into the dust ; 

when toads are heard crying in elevated places. 

10th. During the time of nun, if any small blue space of the heaven be observed, 
one may almost be assured that the rain will not be of long duration this sign is 
well known to huntsmen. 

1 1th. Very violent storms, when accompanied with earthquakes, are almost always 
preceded by an extraordinary calm in the air, and of that alarming kind which 
seems the silence of nature about to be convulsed. Animals, more sensible of these 
natural indications than man, are frightened by it, and hasten to their retreats. 
Sometimes a hollow subterranean noise is heard. When all these signs are 
united, the inhabitants of the unfortunate countries, siibject'to these destructive 
scourges, ought to fly from their houses, that they may avoid the danger of being 
buried under their ruins. 

We shall not entertain our readers with the prolix description which Ozanam, or 
his continuator, here gives of one of these storms which spread devastation 
throughout the kingdom of Naples, in the time of the famous queen Jean. 

I2th. An English navigator says he observed that an aurora-borealis was always 
followed, in the course of a few days, with a violent gale from the south-east; and 
he gives this notice to navigators, about to enter the Channel, that they may be upon 
their guard.* 

PROBLEM LIV. 

To separate two liquors^ which have been mixed together. 

This operation is merely an application of the property of capillary tubes, and of 
that law of nature by which homogeneous fluids, when near each other, unite ioge-. 
fher. This is observed to he the case with two drops of mercury, or water, or 
oil, when they come into contact. It is even probable that, before they are in contact, 
they lengthen themselves, and mutually approach each other. 

However, if you are desirotis of separating water, for example, from the oil with 
which it has been mixed, take a bit of cloth or sponge, well moistened in water, 
and place it, immersing it by one end, in the vessel containing the liquors to be 
separated ; the other end must be made to pass over the edge of the vessel, and to 
hang down much lower than the surface of the liquor : this end will soon begin to 
drop, and in this manner will attract and separate all the water mixed with the 
oil. 

If if be required to draw off the oil, the rag or sponge must be first immersed in 
that liquid 

But those who should imagine that wine or alcohol can be separated in this 
manner from water, would be- deceived ; in order that the operation may succeed, 
the two liquors must be nearly immiscible together, otherwise they will both pass 
over at the same time. This process, therefore, cannot be employed for separating 
water from wine, though it has been given in the preceding editions of the Mathema- 
tical and Philosophical Recreations, with many others equally childish. 

The colouring part of the wine appears indeed to remain behind, because it is less 
attenuated than the phlegm and spirit ; but in reality these two liquors, of which 
wine essentially consists, are not separated from each other. 

PROBLEM LV. 

What is the cause of the ebullition of Water f 

Though this question, on the first view, may appear as of little importance, it 
deserves to be examined ; for those who might imagine that the bubbling observed 


See Pbilos. Transact, vol. LXY. p. 1. 
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in water which boiU, U the necessary consequence of the heat it receives, would 
be deceived. That the contrary is the case may be proved by the following expe- 
riment. 

Immerse, with the necessary care, any vessel, such as a bottle filled with u^ter, for 
example, into kettle containing water in a strong state of ebullition ; the water in 
the bottle will not fail to assume, in a short time, a degree of heat absolutely equal 
to that of the water which boils; this will be proved ^by means of a thermometer, 
yet the smallest sign of ebullition will not be observed in it. 

What then is the cause of that observed in the water, which is immediately 
exposed to the action of the fire ? 

In our opinion, the boiling up is the effect of portions of the water, which touch 
the sides of the vessel, suddenly converted into vapour by coming into contact with 
these sides ; for when a vessel rests on burning coals, its bottom tends to receive a 
degree of heat much greater than that necessary to convert immediately into vapour a 
drop that falls upon it. The pellicle of water which touches the bottom must, there- 
fore, be continually converted into vapour ; and this indeed is the case ; for bubbles 
of an clastic fluid are continually seen rising from the bottom, and these bubbles, 
carried by an accelerated motion to the surface, in consequence of their lightness, 
produce there that bubbling which constitutes ebullition. 

But the water contained in the bottle, immersed in the boiling liquid, cannot 
assume a degree of heat greater than that of boiling w'ater ; because, however 
strong the ebullition may be, the water does not acquire a greater degree of heat. 
On the other hand, a piece of metal, heated only to the degree of boiling water, 
does not convert the water it touches into vapour; the water therefore contained in 
the interior vessel, though become equally warm, cannot boil. Such is the explana- 
tion of the two phenomena; and their necessary connection with each other, as well 
as with the assigned cause, proves the truth of that cause. 

PROBLEM LVI. 

What IS the reason that the bottom of a vessel, which contains water in a high state 
of ebullition, is scarcely warm f 

Before we attempted to enquire into the cause of this phenomenon, we thought 
it proper first to assure oui selves of the fact, for fear of exposing ourselves to ridi- 
cule, like those who explain in so ingenious a manner the phenomenon of the child 
in Silesia with the golden tooth ; a phenomenon however which was only a decep- 
tion, as well as that which occurred to the marquis of Vardes, explained with so 
much sagacity by Hegis, and which however was the trick of a servant. And the 
case is the same with many others, which ought first to be confirmed, before we 
attempt to explain them. We brought water therefore to a strong state of ebulli- 
tion, in an iron vessel, and having touched the bottom of it, while the water was 
boiling, we indeed found that it had but a very moderate heat ; ft did not begin to 
be burning hot, till the moment when the ebullition had almost ceased. 

In our opinion, this effect is produced in the following mannei : we have already 
shewn, that the ebullition is occasioned by the pellicle of water, which touches the 
bottom of the vessel, being continually converted into vapour. This conversion 
into vapour cannot take place, without the bottom always losing some of that heat, 
which it acquires by the contact of the coals or fire. But during the interval be- 
tween the moment when the vessel is taken from the fire, and that when it is 
touched, as no new igneous fluid reaches it, though k still continues to boil, it is 
probable that the remainder of this fluid is absorbed by the water which touches the 
bottom, and which is converted into vapour. 

Without giving this explanation as absolutely demonstrative, we are strongly 
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inclined to think that euch i« the real case ; and what seems to give it more pro- 
bability is, that while the bottom of the vessel, from which the boiling proceeds, is 
but little hot, the sides have the heat of boiling water ; so that the finger would be 
burnt, were it kept as long on them as it can be kept on the bottom. But no sooner 
has the boiling ceased, than the bottom itself receives part of the heat of the water, 
and the finger cannot then touch it without being burnt. 

Remark. — ^The solution of the following little problem depends, in all probability, 
on a similar cause. 

To melt lead in a piece of paper. ^ 

Wrap up a very smooth ball of lead in a piece of paper, taking care that there be 
no wrinkles in it, and that it be every where in contact with the ball ; if it be held, 
in this state, over the flame of a taper, the lead will be melted without the paper 
being burnt. The lead, indeed, when once fused, will not fail in a short time to 
pierce the paper, and to run through. 

PROBLEM LVn. 

To measure the moisture and dryness of the air. Account of the principal Hygiometers 
invented for that purpose ; their faults^ and how to construct a comparative Hygro» 
meter. 

The air is not only susceptible of acquiring more or less heat, but also of becoming 
more or less humid. It belongs therefore to philosophy, to measure this degree 
of moisture ; especially as this quality of the air has a great influence on the human 
body, on vegetation, and matiy other effects of nature. 

This gave rise to the invention of the hygrometer, an instrument proper for mea- 
suring the humidity of the air. • 

But it must be allowed, that the instruments hitherto invented for this purpose 
do not give that result which might have been expected. We have hygrometers 
indeed, which indicate that the air has acquired more or less moisture than it had 
before ; but they are not comparative, that is to say, they do not enable us to com- 
pare the moisture of one day or place with that of another.* It is, however, proper 
that we should make known the different kinds of hygrometers, were it only that 
we may be able to appreciate their utility. 

I. As fir-wood is highly susceptible of participating in the dryness or humidity 
of the air, an idea has been conceived of applying this property to the construction 
of a hygrometer. For this purpose, a very thin small fir board is placed across be- 
tween two vertical immoveable pillars, so that the fibres stand in a horizontal direc- 
tion ; for it is in the lateral direction, or that across its fibres, that fir and other 
kinds of wood are distended by moisture. The upper edge of the board ought to 
be furnished with a small rack, fitted into a piBion, connected with a wheel, and the 
latter with another wheel having on its axis an index. It may be easily perceived, 
that the least motion communicated by the upper edge of the board to the rack, by 
its rising or falling, will be indicated in a very sensible manner by the index ; conse- 
quently, if the motion of the index be regulated in such a manner, that from extreme 
dryness to extreme moisture it may make a complete revolution, the divisions of this 
circle will indicate how much the present state of the atmosphere is distant from 
either of these extremes. 

This invention is ingenious ; but it is not sufficient. The wood retains its moisture 
a long time after the air has lost that with which it is charged ; besides, the board 

* This IB not altogether correct. M. de Luc baa described, in the Philosoplikal Transactioiis, the 
method of constructing a hygrometer, which approaches very near to what mi^ht be desired in this 
respect. We have added it to this article. 
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lOMi tnis propertj : eonie^uentiy, it Is a tery imperfect instrumeitt, at well as the 
IbUowmge 

IIL Suspend a small circular plate bj a string, or piece of catgut, festened to its 
centre of gravitj ; and let the other end of the string be attached to a book. Ac- 
cording as the air is more or less moist, you will see the small plate turn round, in 
one direction or in atiother. This small machine may be covered by a bell-glass, to 
prevent its being deranged by the agitation of the air; but the bell naust be 
elevated above the base on which it is placed, that the air may have access to the 
string. 

The hygrometers commonly sold, are constructed on this principle. They consist 
of a kind of box, the fore part of which repiesents an edifice with two doors. On 
one side of the metal plate which turns round, stands the figure of a man with an 
umbrella to defend him from the rain ; and on the other, a woman with a fan* The 
appeararce of the former of these figures, indicates damp, and that of the other, 
dry weather. This pretended hygrometer <*ari serve for no other purpose than to 
amuse children; the philosopher must observe that, as the variations of humidity 
are transmitted to this instrument only by degrees, it will indicate moisture or 
drought, when the state of the atmosphere is quite contrary. 

If a piece of cat-gut, made fast at one extremity, be 
conveyed over different pulleys, as a, b, c, d, i-, r, g, 
&c., (Fig. 32.), so as to make several turns backwards 
and forwards ; and if a weight p, be suspended from 
the other extremity, it may be easily seen that it must 
rise oi fail in a more sensible manner, in consequence 
of the moisture or dryness of the air, accoiding as 
the number of the turns backwards and forwards is 
greater. But this will be indicated better if an index 
H K, turning on a pivot i, and placed in such a manner 
that the part i K shall be much longer than i b, be 
made fast to the extremity of the cord n ; the slightest 
change in the moisture of the air, will be manifested 
by the point k of the index. 

V. An hygrometer may be constructed also in 
the following manner. Extend a cord, five or six 
feet ill length, between the pegs a and b (Fig. 33 ), 
and suspend from the middle of it c, a weight p, by 
a thread p c. If an index d f, turning on the pivot, 
B, and having the part x f much longer than b e, be 
adapted to the thread p c, as seen at d ; as the cord 
A c B will be shortened by moisture and lengthened 
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by drobgbt, the weight p, as well as the point d, will rise or fiill, and consequently 
make the index pass over a certain portion of the arc o h, the divisions on which will 
indicate the degree of moisture or dryness, 

VI. Put into the scale of a balance any salt that attracts the moisture of the air, 
and into the other a weight, in exact equilibrium with it. During damp weather, 
the scale containing the salt will sink down, and thereby indicate that the state of 
the atmosphere is moist. An index, to point out the different degrees of drought 
or moisture, may be easily adapted to it. 

This instrument, however, is worse than any of the rest ; for salt, immersed in moist 
air, becomes charged with a great deal of humidity ; but loses it very slowly when the 
air becomes dry : fixed alkali of tartar even imbibes moisture, till it is reduced to a 
liquid or fluid state. 

yil. Music also may be employed to indicate the dryness or moisture of the 
air. The sound of a flute is higher during dry than during moist weather. If a 
piece of cat-gut then, extended between two bridges, be put in a state of vibration, 
it will emit a tone with which a tonometre must be brought into unison. When 
the weather becomes moister, the string will emit a lower sound ; and the contrary 
will be the case when the air becomes drier. 

Vlll. M. de Luc of Geneva, to whom we are indebted for an excellent work on 
thermometers and barometers, attempted to construct a compa- 
Ply. 34. rative hygrometer, and published a paper on that subject in the 
Philosophical Transactions. The description of this hygrome* 
ter is as follows. 

It has a great resemblance to a thermometer. The first and 
principal part is a cylindric reservoir of ivory, about 2^ inches in 
length, the cylindric cavity of which is 2^ lines in diameter, and 
the thickness | or ^ of a line. This piece of ivory must be 
cut from about the middle of an elephant's tooth, both in regard 
to its thickness and length; and it is necessary that the cavity 
should be pierced in a direction parallel to that of the fibres. 
A representation of this piece is seen Fig. 34. where it is de- 
noted by the letters a b c. 

The second piece is a tube of turned copper, one end of 
34. which fits exactly into the ivory cylinder, while the other re- 
ceives into its cylindric cavity a glass tube of about a quarter 
of a line internal diameter. A representation of it is seen Fig. 
34, No. 2. 

These three pieces are strongly fixed to each other, Hg, 34. 
by introducing into the ivory cylinder the end of the No. a. 
copper tube destined to fill it, having first put a little 
fish glue between them. To unite these parts better 
together, the neck of the ivory cylinder ought to be 
surrounded by a virol of copper. 

A glass tube of about 30 inches in length, and of such a size as to fit 
into the same cavity, is also introduced into it, as seen Fig. 34, No. 3, 
which represents the instrument completely constructed. 

It is then filled with mercury, in such a manner that it* shall rise to 
about the middle of the glass tube, and the ivory reservoir is immersed in 
water ready to freeze, taking care to maintain it at that temperature for 
several hours; for the ivory will require ten or twelve before it absorbs 
all the moisture it is capable of receiving. As soon as this reservoir is 
immersed in the water, the mercury is seen to rise, at first very quick, 
and then more slowly, until it at length remains stationary towards the 
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^Jowortde Thyrtvie" of the .hbeRorter, 
y y f 7 V iulBfieni to obienre, that thii faygrometer it very 

m m m;m^ly hm it Immi |ilae«d in nr more or leu humid, than it gives indi- 
nliOftf or tmt tiMhilitj, bjr the rite or fiill of the mercury ; but it requires, and 
Olntyi wilt require, to be accompniied with a thermometer; for the eamv degree 
ol humidity hat a greater effect on it during warm weather, than during cold ; be- 
iidtip the mercury rises or falls independently of moisture, merely by the effect of 
heat. This instrument, therefore, requires a double correction ; the first to keep 
an account of the dilation which the mercury experiences by beat, a correction 
which will be minus whenever the heat exceeds the term of freezing : the second, 
to reduce the effect of the moisture observed, to what it would have been had 
the temperature been at freezing. 

It may be readily conceived, of how great advantage it would be, in regard to 
the improvement of this hygrometer, to find a degree of dryness, or of less humidity, 
fixed and determinable in every country, to serve ns a second fixed term, like that 
of water reduced to the temperature of melting iee, namely that of the greatest 
humidity ; this would tend greatly to simplify the graduation of the instrument, 
which, according to the method of M. de Luc, appears to us to he complex and 
uncertain. But this is enough on the present subject, respecting which the nature 


of our work will not permit us to enter into farther details. 

All the preceding contrivances have been superseded by the hygrometer invented 
by Professor Daniel of King’s College, London. 

We shall here give a concise abridgment of the account of this instiumcnt, from 
the article on the subject in the Library of Useful Knowledge. 

M. Le Poi having suggested the temperature at which dew begins to he depo- 
sited as a measure of the moisture of the air, De Luc proved that the quantity and 
force of vapour in vacuo, are the same as in an equal volume of air of the 
same temperature, or that these two elements of vapour depend on the tem- 


perature. 

Dr. Dalton investigated the force of vapour at every degree of temperature from 
0® to 212® Fahrenheit, and expressed this force by the height of the mercurial baro- 
metric column which it could support; and be has given the results in a tabular 
form, which are thus easily applied to hygrometric purposes. The dew point is 
found by pouring cold water into a glass, and noting the temperature at which, in 
the open air, dew ceases to he formed on the sides of the glass. This is the point 
at which, in air of that temperature, dew would just begin to he formed. Hence 
may be inferred not only the force exerted by the vapour, but its quantity in a per- 
pendicular column of the whole atmosphere, and the force of evaporation. 

Thus if the dew point be at dS** Fahrenheit, the force of vapour, by Dalton’s table, 
is ‘316 of an inch, or about the 95th part of the pressure of the air as measured by 
30 inches of the mercurial column ; or if the specific gravity of steam be ‘70, the 
weight of the steam or vapour in a given volume of air will be 13Gth part of the 
whole. Now as the force of a whole atmosphere of steam, at the surface of the 
earth, woubl be the weight of a perpendicular column of it, and in a mixture of steam 
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and air tbe force exerted by each is as tbeir relative weights : when the dew point 
is 45* tbe superincumbent column of vapour in tbe atmosphere, being one 95th part 
of the whole atmospheric pressure, is equivalent to the pressure of 4*8 of water ; or 
the vapour, if condensed, would give that depth of water. Dalton has hence shewn how 
to find the force of evaporation at a given time ; for the quantity of water evapo* 
rated from a given surfime is proportioned to the maximum Ibree of vapour at the 
temperature of the surface ; the vapour continuing in contact with the sur&ce of 
the water. Hence, at an example, if the dew point is 45^ when the temperature of 
the air is 50®, we have by Dalton's table *375 — *316 == *059 the force of eviq>o« 
ration. 

On this principle's constructed Daniel’s hygrometer, which in its most improved 
form is represented at Fig. 35. 

The ball a is of black glass about 1*25 inch in 
diameter, and connected with a transparent glass ball df 
of the same size, by a bent tube one eighth of an inch in 
diameter. A portion of sulphuric ether sufficient to fill 
about three fourths of the ball a is introduced ; a small 
mercurial thermometer, with an elongated bulb, is fixed 
inside the limb a h, and the atmospheric air being ex- 
pelled, the whole is hermetically sealed. The ball d is 
covered with muslin, and the whole is supported on a 
brass stem f on which is another delicate thermometer. 
The tube can be removed from the spring tube A ; and the 
whole instrument, with a phial of ether, packed neatly in 
a box, which may be carried in the pocket. 

The dew point is ascertained thus. The ether being 
all brought into the ball a by inclining the tube, tbe balls are placed perpendicularly, 
the temperature of the air is noted by the thermometer attached to the stand, and 
ether is gradually dropped on the muslin cover of d\ and the cold produced by the 
evaporation of this ether, condenses the elastic ctherial vapour witliin the ball, 
which produces a rapid evaporator from the ether in c, and lowers in consequence 
the temperature within the instrument. When the black ball is thus cooled to 
the dew point, a film of condensed vapour like a ring surrounds the ball ; and if 
the thermometer inside the limb c be noted at that instant, we obtain the true 
dew point of air at the temperature shewn by tbe othei thermometer. 

Having thus found the dew point, and the temperature of the external air, the 
moisture contained in a cubic foot of air may be found from the following formula. 


Fig, 35. 



Weight in grains = 


5050*2 


X />, where i is the temperature of the external air, 


448 1 

and/> the elasticity of the aqueous vapour at the temperature shewn by the interior 
thermometer, wliicli for every degree of tbe thermometer is given in Dr. Dalton's 
tables of the elastic force of steam. Sec the 6th vol. of the Manchester Memoirs. 


-TROBLEM LVlIl. 

On the supposition of whai ve have before shewn, in regard to the tenuity of the 
particles of light, and their great velocity ; what loss of its substance mag the aun 
sustain, in a deteiminate number of years? 

One of the most specious objections made to the Newtonian theory of light, is, 
that if light consisted of a continual emanation of particles, thrown off from lumi- 
nous bodies, the sun would have sustained such a loss of his substance, that he must 
have have been extinguished or annihilated, since the time at which he is commonly 
supposed to have, been created. This objection we have always considered as 
of little weight ; and we have long been convinced that, assuming as basis what can 
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bt oitily profed in re^d to the tenuity of the parti l ioi of light, anti their great 
Yelodly» a ?ery probable bypothetiis could be forinedi fiiun which it might be shewn, 
tbit no lensible dimiuution could have taken place in the sun, duiing the course 
of tbe dOOO yeare which he is commonly supposed to have existed. 

We have since seen, in the Philosophical Transactions, a similar calculation by 
l>r, Horsley^ to shew the frivolity of such an objection. But as there arc diderent 
methods of considering the same question, opr reasoning on the subject is us follows : 
It has nothing in conunoii with that of the learned Englishman, but the prodigious 
tenuity of the particles of light. 

To form this calculation, we suppose and require it may be granted, that at each 
instantaneous emanation of light from the sun, this luminary projects In every possi- 
ble direction all the particles of light at its surface. 

We require, it may be granted also, that this emanation is not absolutely continued, 
but eompoaed of a multitude of instantaneous emanations or jets, which succeed each 
with prodigious rapidity : we shali suppose that there are 10000 in a second. 
As the retina of the eye preserves for about j of a second the impression it receives, 
it if eYtdeat that the impressioii made by the sun will be absolutely continued in 


ri qj^ ar d to us. 

yft SmII tuppoie alio, what ia atmoft proved, that the diameter of a particle 
of l^t ia acamtf the lOOOOOOOOOOOOth part of an inch. 

Aecordia, to theac aoppoaitioDa, it ia evi4pnt that the tun, at each emanation, dc- 
nrivta kfaaaetf of a iaminoua pellicle, the Ihickiieatol which it at before atated; 
cooteauMtlf, in tha eootae of a aecond, it wiU be the lOOOOOOOOtb part of an inch, 
and ia ItKWOOOOO aeeonda tbia luminary Aerefore will have loat an inch in thick- 
Bcaa. But lOtlOOOOOO are neerijr three yean : in three year,, then, the aOn will have 
loat only an Midi in tbickneaa. 

Hence it appeara. that in the courac of 3000 yeara, thw loaa will amount to 1000 
inrhea, or 834 feet ia .lepth ; and during the 6000 yeara, which wc auppoac the aun 
to have eaialed, it will be 10C|. Hence it followa, that before the aun can loac one 
second only of hi. apparent dimneter. forty rnimona of year, must elapse ; 
diminution of a «!cond in the apparent diameter of the aun corrnpond. to 3(^ 
yarda: if in the courwi of 6000 yeara, the dimiiinfion ia only about M yards in 
depth, it will be found, by the rule of proportion, that it will require 40 mil^iia 
of yean to make it extend to the depth of 360000 yards in tbickneaa, or one second 

“^wnrd\tSe'‘entertaiii no fear of the sun becoming extinct Our children 
mid gnnd children, at least, are aecuied from being witncaaea of that fatd event. 

We aball here add, that we liave not taken the benefit of all the advantages wc 
might have employed ; for wc might have extended this period much farther ( and 
Dr. Horsley indeed finds a much greater interval between the present moment and 
the final coiiaumption of the aun. But we have confined ourselves to those auppo- 
sitions which are most admissible. 


PROBLEM LIX.^ 

To produce, amidst the greatest heat, a considerable degree of cold, and even to freeze 
water. On artificial congelations, ^c. 

It is a very singular phenomenon, and highly worthy of admiration, that a cold 
fiir exceeding that of winter can be produced even in the “ ‘w 

what adds to the singularity is, that this production of cold does not 
unless the ingredient, employed become 

each other they produce a strong effervescence. We shall first take a cursory vie 
of L different Lens of producing cold i and then endeavour to give some explaiia- 
tion of tbe phenomenon. 
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I. Take water cooled only to the temperatiire of our wells, that is to say, to 10 
degrees of Reaumur’s thermometer, and for every pint throw into it about 12 ounces 
of pulverised sal ammoniac; this water will immediately acquire a considerable 
degiee of cold, and even equal to that of congelation. If a smaller vessel then 
containing water be put into the one containing this mixture, the water in the former 
will freeze, either entirely or in part. If it freezes only in part, make a mixture in 
another vessel, similar to the first, and immerse in it the half-frozen water ; by these 
means it will be entirely congealed. 

If you employ this water half frozen, or at least greatly cooled in the interior 
vessel, and thiow into it sal ammoniac, the cold produced will be much more 
considerable : a cold indeed several degrees below that of icc will speedily be the 
result. 

If this mixture be made in a fiat vessel on a table, with a little w'ater placed be- 
tween them, the ice formed below will make the vessel adhere to the table. 

The solution of the salt must be accelerated os much as possible, by stirring the 
mixture with a stick ; for tbe speedier the solution, the greater will be the cold. 

II. Pulverise ice, and for one part of it mix two parts of marine salt ; stir well 
the mixture, and a cold equal to that of the severest winter will be produced in the 
middle of tbe mass. By these means Reaumur was al)le to produce a cold 13 de- 
grees below congelation. 

Saltpetre, employed in the same quantity, will produce a cold only 3 or 4 degrees 
below freezing. It is a mistake therefore, as Reaumur observes, to imagine that 
saltpetre produces a greater efiTect than marine salt. Saltpetre is employed only 
because it is cheaper ; and besides, when artificial cold is applied to domestic pur- 
poses, it is not necessary that it should be considerable* 

Instead of saltpetre, Alicant soda, or the ashes of green wood, which contain an 
equivalent salt, might be employed : the same effect would be obtained, and at a 
much less expense. 

III. A cold much greater, however, than any of the preceding, may be produced 
in the following manner. Take snow and well concentrated spirit of nitre, both 
cooled to the degree of ice ; pour the spirit of nitre on the snow, and a cold 17 de- 
grees below that of congelation ivill be immediately excited. 

If you are desirous of producing a cold still more considerable, surround the snow 
and spirit of nitre with ice and marine salt; which will produce a cold 12 or 13 de- 
grees below zero ; if you then employ the snow and spirit of nitre cooled in this 
manner, a cold equal to 24 degrees below zero will be tbe result. This cold is much 
greater than that produced by Fahrenheit ; for it did not exceed 8 degrees of his 
thermometer below zero, which amounts to 17! of Reaumur, below the same 

term. 

But this is nothing in comparison of what tbe philosophers of Petersburgh per- 
formed, towards the end of the year 1759. Assisted by a cold of 30 degrees and 
more, they cooled snow and spirit of nitre below that temperature, and by these 
means obtained a degree of cold which, reduced to the scale of Reaumur’s ther- 
mometer, was more than 170* degrees below zero. It is well known that at this 
term mercury freezes, and of the consequences of this experiment we have spoken 
elsewhere. 

IV. There is still another method of producing a cold superior to that even which 
is necessary to freeze water. It is founded on a very singular property.of evaporable 
fluids. Immerse the bulb of a thermometer in one of these fluids, such as well 
dephlegmated spirit of wine, and then swing it backwards and forwards in the air, to 

• This number, when corrcctojl, ought to Im 3 only .ui iteluw watur-freezing on lleaumui ; or 30, that 
is 71 below wator-treezmg, on Ftibrcnheit. Seu the remark at the end of Problem 18. 
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excite a current like tliat of the wind, which promotes the evaporation of the fluid ; 
you will soon see the thermometer fall ; hy employing ether, the most evaporable 
pf all diquots, you may even make the thermometer fall to 8 or 10 degrees below 
sero. 

Very curious things might he said in regard to this property of evaporation ; but 
to enlarge farther on the subject would lead us too far. We shall therefore only 
observe, that this method of cooling liquors is not unknown in the east. Travellers, 
who are desirous of drinking cool liquor, put their water into jars made of porous 
eartbem ware, which suffers the moisture to ooze through it. These vessels are 
suspended on the sides of a camel, in such a manner as to be in continual motion, 
which answers the same purpose as if they were exposed to a gentle wind, and which 
causes the moisture to evaporate. By these means the remaining liquor is so much 
•rooled, as to approach the degree of congelation. 

We shall now offer a few observations on the cause of tlicsc singular effects, be- 
ginning with the means explained in the first three articles. 

When ice and marine salt, or spirit of nitre and snow very much cooled, are mixed 
together, it is observed that cold is not produced unless these substances be dissolved. 
From this circumstance there is reason to conjecture, that the mixture absorbs the 
igneous fluid diffused throughout the surrounding bodies, or those surrounded by the 
mixture, which amounts to the same thing. The melting mixture produces, in this 
case, the same effect as a dry sponge applied to a moist body : as long ns it is merely 
confined around it, no change will take place in it ; but as soon as the sponge is at 
liberty to extend itself to its full volume, it will absorb a considerable part of the 
moisture contained in that body. It must be confessed, that we do not see the me- 
chanism by which the frigorific mixture produces the same effect ; but we may con- 
sider the above comparison as capable of giving some idea of it. 

In regard to the reason why an evaporable liquor cools the bodies from which it 
evaporates, it appears that the most probable reason is the affinity w'hich that liquor 
has to fire ; so that each of its moleculae, in flying off, carries with it some of those 
of the fire contained in that body. But how comes it that these moleculae of the 
evaporable liquor do not combine rather with the fire which the air can furnish to it, 
and with which that element seems to have less adhesion than to solid bodies, since it 
cools more readily ? This question we cannot answer ; but we give the above ex- 
planation merely as conjecture. 

Bemark . — In addition to wbat has been given on this subject by Montucla, wc 
shall here observe, that the best experiments yet made known on frigorific mixtures, 
without the aid of snow, are those of Mr. Walker, of Oxford : some of these are 
as follows: 

Take strong fuming nitrous acid, diluted with water (rain or distilled water is best) 
in the proportion of 2 parts in weight of the former to one of the latter, well mixed, 
and cooled to the temperature of the air, 3 paits; of Glauber’s salts 4 parts ; of ni- 
trous ammonia 3J parts, • each by weight, and reduced separately to fine powder. 
The Glauber’s salt is to he first added to the diluted acid ; the mixture must then 
be well stirred, and the powdered nitrous ammonia is immediately to be introduced, 
stirring the mixture again. The salts should be procured as dry and transparent as 
possible, and are to be used newly powdered. 

These are the best proportions, when the common temperature is 50°. According 
as the temperature, at setting out, is higher or lower, the quantity of diluted acid 
must he proportionably diminished or increased. This mixture is little inferior 

* A powder composed of sal ammoniac 5 parts, and nitre 4 parts, mixed together, may be sub* 
ititiited for the nitrous ammonia. 
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to one made by dUsolving snow in nitrous acid; for it sunk the thermome- 
ter from 32® to 20®; that is in all 52®. In this experiment 4 parts diluted acid 
were used. 

Crystallized nitrous ammonia, reduced to very fine powder, sunk the ther- 
mometer, during its solution in rain water, from 50® to 8® ; when evaporated gently 
to dryness, and finely powdered, it sunk the thermometer to 49®. Mr. Walker 
has frequently produced ice by a solution in water of this salt alone, when the 
thermometer stood at 70®. If an equal weight of mineral alkali, finely powdered, be 
added to the mixture, the temperature will be lowered 10® or 11® more. 

As it is evident that artificial frigorific mixtures may be applied to domestic pur- 
poses, in hot climates, especially where the inhabitants can scarcely distinguish summer 
from winter by the sense of feeling, it may not be amiss to give a few hints respect- 
ing the easiest method of using them. 

In most cases, the following cheap one may be sufficient: Take any quantity of strong 
vitiiolic acid, diluted with an equal weight of water, and cooled to the temperature 
of the air, and add to it an equal weight of Glauber’s salt, in powder. This is the 
proportion when the temperature, set out with, is 50® ; and will sink the thermome- 
ter to 5® , if the temperature be higbci than 50®, the quantity of salt must be pio- 
portionally increased. 

The obvious and best method of aseertaining the quantity of any salt necessary to 
produce the greatest cifcct by solution, in any liquid, at any given temperature, is to 
add the salt gradually, till the thermometer ceases to sink, stirring the mixture all 
the time. If a more intense cold be required, double aqua-fortis, as it is called, 
may be used. Glauber’s salt, in powder, added, will produce very nearly as much 
cold as when added to diluted nitrous acid. A somewhat greater quantity of the salt 
is required. At the temperature of 50®, about three parts of the salt, to 2 of the 
acid, will sink the thermometer from that temperature to nearly 0® ; and the conse- 
quence of more salt being added is, that it retains the cold rather longer. This 
mixture has one great advantage in its favour : it saves time and trouble. A little 
water in a phial immersed in a tea-cup full of this mixture, will be soon frozen, 
even in summer ; and if the salt be added in crystals, not pounded, to double aqua- 
fortis, though in a warm temperature, the cold i)roduced will be sufficient to freeze 
water or cream ; but if diluted with one fifth of its weight of water, and cooled, it 
will be nearly equal to the diluted nitrous acid before mentioned, and will require 
the same .proportion of the salt. 

A mixture of Glauber’s salt and diluted nitrous acid, sunk the thermometer from 
70®, the temperature of the air and ingredients, to 10®. , 

The cold in any of these mixtures may be kept up a long time, by occasionally 
adding the ingredients in the proportions indicated. 

Take equal parts of sal ammoniac and nitre, in powder ; and cool them by im- 
mersing the vessel which contains them in pump water newly drawn, its tempera- 
ture being generally 50®. On three ounces of this powder pour four ounces, wine 
measure, of pump water, at the above temperature, and stir the mixture ; its tempera- 
ture will be reduced to 14®, and consequently it will soon freeze the contents of 
any small vessel immersed in it. The cold may be continually kept up and regu- 
lated for any period of time, by occasionally pouring oflf the clear saturated liquor, and 
adding more water ; taking care to supply it constantly with as much of the powder 
as it can dissolve. This is a convenient mixture ; for if the solution be afterwards 
evaporated to di 3 mcss in an earthen vessel, and reduced to powder, it will answer 
the purpose as well as at first ; as its power does not seem to be lessened by being 
<*epeatedly treated in this manner. 

All the ingredients employed by Mr. Walker being taken at the temperature of 50®, 
the following table will exhibit the result of a great many experiments : 
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♦Sil ammoniae 5, nitre 5, water 16 parts 10® 

Do. «—■ " 5, do. 5, Glaul)er*s salt 8, wafer 16 4 

*Nitroos ammoniac 1, water I* 4 

Bo, I, soda J, wafer 1 7 

tGlauber*s salt 3, dilute nit. acid 2 8 

Glauber^s salt G. sal ammoniac 4 , nitre 2 , dilute nit. acid 4 10 

Bo. 6, nitrous ammoniac 5, dii ute nit. acid 4 14 

Phosphorated soda 9, dilute nit. acid. 4 12 

Bo. 9, nitrous ammon. 6. dilute nit. acid 4 .... 21 

f Glauber’s salt 8, marine acid 5 0 

fDo 5, dilute vitriolic acid 4 3 


The salts marked thus (*) may be recovered by evaporating the mixture, and 
may be used again repeatedly; those marked thus (f) may be recovered for use 
by distillation and crystallization : the dilute nit. acid was red fuming nitrous acid 
2 parts, rain water 1 part : the dilute vit. acid was strong vitriolic acid and rain 
water, equal parts. 

By a judicious management, frigorific mixtures, with the aid of snow or pounded 
ice, mercury even may be frozen into a solid mass. Mr. Walker immersed a half 
pint glass tumbler containing equal parts of vitriolic acid, the specific gravity ot 
which was 1*5596, and strong fuming nitrous acid, in mixtures of nitrous acid and 
snow, until the mixed acids in the tumbler were reduced to — 30“ : he then gra- 
dually added snow, which had been also previously cooled in a frigorific mixture 
to — 15“, to the mixture in the tumbler, stirring the whole, and found, after some mi- 
nutes, that the mercury in a thermometer immersed in the fluid had become con- 
gealed or frozen. 

Quicksilver may be congealed by adding newly fallen snow to strong fuming ni- 
trous acid, previously cooled to between — 25® and — 30“, which may be easily 
and speedily effected by immersing the vessel containing the acid in a mixture of 
snow and nitrous acid. 

But the most powerful frigorific mixture yet discovered, is produced by equal 
parts of muriate of lime and snow. An account of a very remaikable experiment 
of this kind is given in Tilloch’s Philosophical Magazine, Vol. III. It was performed 
by Messrs. Pepys and Allen. Into a mixture of equal parts of muriate of lime at 
33®, and snow at 32“, a bladder containing no less than ^ pounds of mercury was 
immersed, after the mixture had liquefied by stirring, and when its temperature 
was found to be — 42® ; as soon as the cold mixture had deprived the mercury of 
so much of its heat that its own temperature was raised from — 42® to + 5®, the 
mercury was taken fiomit, and put into another fresh mixture, the same in every 
respect as the first. 

In the mean time, the muriate of lime was kept cooling, by immersing the ves- 
sel which contained it into a mixture of the same ingredients : 5 pounds of the 
muriate were, by these means, reduced to — 15®; a mixture being made of this 
muriate and snow, at the temperature of 32®, in the course of three minutes it 
gave a temperature of — 62®, or 94® below the freezing point of water. 

The mercury reduced to — 30® by immersion in the second mixture, and sus- 
pended in a net, was put into the new made mixture, and the whole was covered 
with a cloth to impede the passage of heat from the surrounding atmosphere. 
After an hour and forty minutes, the 56 pounds of mercury were found solid and 
fixed. The temperature of the mixture, at this time, was — 46“ ; that is 16® higher 
than when the mercury was put into it. 

Several of those who were present at this experiment having, without attending to 
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tbe consequences, taken pieces of the froien mercury into their hands, experienced 
a painful sensation, which they could compare to nothing but that produced by a 
burn or a scald, or by a wound inflicted with a. rough edged instrument. Tbe parts 
of the hand which were in contact with the metal lost all sensation, and became 
white, and to appearance dead : a phenomenon which alarmed the sufferers not a 
little : however, soon throwing away the pieces from them, as they would have 
done hot coals, the injury scarcely penetrated tbe skin ; and in a little time the 
parts, by friction, resumed their usual sensation and colour. 

The late Professor Leslie devised an elegant method of reducing the tempera- 
ture sufficiently low to freeze water, in any climate, and at any season of the year. 
His method is shortly this : under the receiver of an air pump, place one vessel 
containing sulphuric acid, and another containing a small quantity of water. The 
air being partly withdrawn from tbe receiver by tbe air pump, vapour is raised 
abundantly from the water, and absorbed by the acid. Thus a degree of cold is 
produced which freezes the water in a very short time. 

A saucer of porous earthenware is best adapted for holding the water, and instead 
of sulphuric acid, other absorbents may be used, such as parched oatmeal, the 
powder of mouldeiing whinstone, or the dry powder of pipeclay. 

Mr. Leslie placed a hemispherical vessel of porous earthenware, containing a pound 
and a quarter of water, over a body of parched oatmeal, one foot in diameter and 
one inch deep ; and by working the pump for some time, the whole of the water 
was frozen. 


PROBLEM LX. 

To cause water to freeze^ by only shaking the vessel which contains it. 

During very cold weather, put water into a close vessel, and deposit it in a 
jdace where it will experience no commotion ; in this manner it will often acquire 
a degree of cold, superior to that of ice, but without freezing. If the vessel how- 
ever be agitated ever so little, or if you give it a slight blow, the water will im- 
mediately freeze with singular rapidity. This will be the case, in particular, when 
the water is in vacuo. 

This phenomenon is exceedingly curious ; but in our opinion, it is susceptible of 
an explanation which must appear highly probable to those acquainted with the 
phenomena of congelation. Water does not congeal unless its moleculae assume a 
new arrangement among themselves. When water cools, at perfect rest, its mo- 
Icculse approach each other, and the fluid which keeps it in fusion gradually escapes ; 
but something more is necessary to determine tbe inoleculee to arrange themselves 
in a different manner, under angles of 60 or 120 degrees. This determination they 
receive by the shock given to the vessel ; they were in equilibrio ; the shock de- 
stroys that equilibrium, and they fill one upon another, forming themselves into 
groups, in such a manner as their approach to each other requires. 

Another phenomenon of congelation is as follows. If you boil water, and then 
expose it to the frost, close to an equal quantity of unboiled water, tbe former will 
freeze sooner than the latter. 

This is a fact proved by experiments, made at Edinburgh, by Dr. Black, and, in 
our opinion may be easily explained ; as congelation is occasioned by tbe moleculs 
of the water approaching each other : it must congeal the sooner, if these moleculae, 
before being exposed to the frost, are already closer. But water which has boiled 
possesses, in this respect, an advantage over that which has not boiled ; for the 
effect of boiling is to deprive it of a great deal of its combined air ; these moleculs 
then, cateris parihusy must arrive sooner at the term of proximity, at which they 
adhere to each other, and form a solid body. We are convinced, that for tbe same 
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^ haweiit, Md it bu ioog been remarked with admiration, that the 
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and — — ^ the atari, more complex, 
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•MMtiM bappem^ each branch presents ramiiieations, like the barbs of a fea- 
ther; but it wmdd be too tedious to describe them all. We shall therefore confine 
> to s repretenUikm of the moet remarkable, as weii Fig. 36. 

p. ^ phenomenon has always occasioned great cm- 

1 y* barrassment to philosophers, since the time of Des- 

cartes and Kepler, who seem to have been the first 
^ who remarked it. Bartholin wrote a dissertation 
^ /T A Figura Nivis Hcxangula,*' in which he reasons 

badly on the subject. It was indeed difficult 
to reason justly on it,* until M. de Mairan observed, 
V‘ ' as be did with great sagacity, the phenomena of con- 

gelation, and until chemistry had discovered those of 
the crystallization of bodies, when they pass from a fluid to a solid state. 

Cbeniistry indeed has taught us that all bodies, the elements of which, floating in 
a fluid, calmly approach each other, assume regular and characteristic figures. Thus 
sulphur, when it becomes fixed, forms long needles ; regulus of antimony has on its 
surface the figure of a star. Salta, when they crystallize slowly, assume regular 
figures also. Marine salt forms cubes, alum ortaedra, gypsum a kind of wedges, 
regularly irregular, the laminae of which break into triangles of determinate angles ; 
calcareous spar, called Icelandic C/ystal, forms oblique parallclopipeda under inva- 
riable angles, &c. 

On the other hand, M. dc IVIairan, while observing the progress of congelation, 
saw that the small needles of ice, which are formed, are implanted one into the 
other at regular and determinate angles, which are always GO or 120 degrees. 

Whoever is acquainted with these phenomena, will see nothing in ice and snow 
but a crystallization of water, condensed in cold air : one particle of frozen water 
meets another, and unites with it, at an angle of GO degrees ; a third is added, and is 
determined by the action of the point of the first angle, to unite itself in the same 
manner, &c. This is the simplest of the stars of snow, as represented by No. 1. 

If new needles of ice are added, which will for the most part be the case, they 
must place themselves on the first radii, either by making an obtuse or an acute angle 
towards the centre. In the first case, the result will be a star, the radii of which 
have a kind of barbs like a feather, as in No. 2, or like a star, as No. 3. The last 
arrangement however is lare, and that of No. 2 is more common. Some are also 
seen, though in less number, much more complex; but whatever may be their com- 
position, their elements are always angles of 60 or 120 degrees. 

M. Lulolf of Berlin conjectured that these figures were occasioned by the sal 
ammoniac, or rather volatile alkali, with which snow is impregnated : and in support 
of this idea, he mentions a very pretty experiment. Having exposed some water to 


* We find however that Gaiaendi referred the regular figure of snow to crystallisation. See ad 

Dior. Laert. Not. opp. vol. 1. p. 077. 
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freeze near tbe common sewer, be found tbe surface of it entirely covered with small 
stars of ice, while the frozen water which was at a greater distance, exhibited 
nothing of the kind. He acknowledges however, that he was never able, by any 
process, to detect this principle in snow water, or snow melted in close vessels. No 
philosopher at present will indeed believe, that either sal ammoniac or volatile alkali 
exists in snow, unless accidentally ; and there is no necessity of supposing it, in 
order to explain its crystallization in stars. 


PROBLEM LXn. 

To conttruct a fountain, which $haU aUemattly flow and intermit. 


We have already described the mechanism of a fountain which produces this effect, 
and which is well known to those acquainted with hydraulics ; but as it cannot be 
adapted to the purposes we have here in view, we shall give another method of solv- 
ing tbe problem. 

Let A BCD (Fig. 37.) be a vessel of any form, 
37 . which receives by the pipe n a continual influx 



of water, capable of filling it to the height g h, in 
the interval, for example, of two hours. Let f o 1 
be a siphon, the upper orifice of W'hich, immersed in 
the liquor, is f ; let F o be tbe shorter, and a 1 the 
longer, branch, the orifice of which, i, must be con- 
siderably below the level of f ; lastly, let the bore 
of this siphon be such, that it can draw off the li- 
quor contained in the part o i, in the course of half 
an hour. These suppositions being made ; if the 
vessel be empty, and if the water be suffered to run 


in by the pipe e, it will fill the vessel to the height 
o, in two hours, for example ; but when it reaches the bending o, the siphon r G i 
will be filled, and the watei flowing into it, in the course of somewhat more than 
half an hour,* it will empty, not only the water collected as far as g h, but that also 
which the pipe e may have furnished during that time ; because this discharging pipe 
F G I will exhaust much more rapidly, than that which furnishes, viz. d b. The 
surface of the water, always descending, will at length fall to the level of the orifice 
F, and the air introducing itself, the play of the siphon will be interrupted : the 
water will then begin to rise again to the bending of tbe siphon at o, so that the 
play of the siphon will recommence, and this will be the case as long as the pipe e 


can furnish water. 


Remark . — It is necessary to observe, that the siphon will not perform its effect, 
unless it be a capillary tube as far as the bending ; for if its diameter, at this place, 
be 5 or 6 lines, the water, Avhen it reaches to a little above the bending, will flow 
off without filling the whole pipe ; and the pipe would run off a quantity of water 
equal only to that furnished by the pipe e. This observation was made, and with 
great justice, by the Abb6 Para du Phanjas, who had recourse therefore, in this case, 
to several capillary tubes, uniting in one. 

Another remedy consists in making tbe calibre of the discharging pipe capillary, 
throughout its whole length, and proportionally wide in a horizontal direction, in 
order that it may have the same surface, and that the same quantity of water may 
flow through it. By these means the discharging pipe, though single, will perform 
its office. 


* This time will Ij 6 exactly 40 minates ; for it is the sum of a sub-quadruple precession, the first 
term of which is 30 luinutcti, the second 7^, &c. 
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tilt foliitbo of ililt probkai deptndo on n Ttry ingeniout combination of two 
Int awHltirt fMintamt, tHnilar to tim prceeding. Let no auppoae a iimilar fountain, 
tlw ptriodieal dowiiif of wbkb k exceediiigly quick, that it to my, 2 or 3 minutes, 
Mid ita intermiaaioa the aaine, making altoge^er an interval of 4 or 5 minutei : let 
Ikia Ibontain kt fed by anoiktr interauttent fountain, placed above it, the duration 
of the iowiiqr of bi hottr,aiid the iiitennittenee 2, or 3, or 4: it will 
tbenet tbUow, that the lotrer one will tiimiah water only while the upper one tup. 
pitta it t tha4 k to tay, during an hour; and in the course of this hour the lower 
ibaoliMn will hava 12 or 15 periods of flowing, interrupted by at many periods 
of rcnaatifut ; after which time, at the fountain or pipe a of Fig, 37 will not furnish 
fDore water for two or three hours, the lower fountain will absolutely cease for one. 
or two, or three hours. Here then we have a fountain which will be doubly inter- 
mittent, as it will remain a considerable time without flowing, and when it flows it 
will be intermittent. 


JUmarkM.^h With three fountains of this kind, combined together, periods of 
flowing and intermission, so singular as to appear almost inexplicable, might be pro- 
duced. But it may be readily conceived, that they would all depend on the same 

pnndpic. principles, a fountain to flow contimially, but which should 

become larger and decrease alternately, might be easily constructed. Nothing would 
be necessary for this purpose, but to combine with the fountain of the preccduii? 
problem, a continued fountain: it is evident that it would become largei, when the 
lUtcr flowed through the siphon r g i ; and that when it stopped, it would assume 

its usual state. • r i. 

If this continued fountain were combined with the double intermittent on3 of this 

problem, the result would be a fountain uniform and continued for several hours of the 
day, and which would afterwards become larger and decrease alternately for an 

hour. 


PROOLEAI LX IV. 


Cmutnctum of a fountain which $hall cease to flow when water is poured into it ; and 
nhall not begin to flow again till tome time after. 

For this purpose, we must suppose a very close reservoir, half fiUed with w^r, 
as A B c n (Fig. 38.), having a discharging pipe x, some lines only in diameter. This 
reservoir forms part of another vessel h b f d, in which it is placed ; and a portion 
of the vessel H o f remains empty : i k is a pipe 



which proceeds from the top of the interior reservoir, 
nearly to the bottom of the vessel, f d ; the upper 
part of the vessel is funisbed with a rim, so as to re- 
semble a Clip, and the part h o, is pierced with a 
number of small holes ; some moss, with coarse sand, 
or even grass, must be put into this cup, but in such a 
manner that the air may have access through the 
bottom of H G, into the cavity h c. 

These things being supposed, let the small reservoir 
be half filled with water, which will flo w out through 
be then poured into the cup at the top, it will fall into 
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the lateral reservoir m c, and close the aperture k of the pipe r i. This aperture 
being closed, the air contained in that part above the interior reservoir, can no longer 
expand itself : the water flowing through e will fall at first slowly, and at length 
stop. But if a small pipe be inserted in the comer f, to afford a passage to the 
water which has fallen into the reservoir h c, when this water is discharged* that at 
X will again begin to flow. 

If water be poured incessantly into the cup H g, and if its escape at F be concealed, 
this machine will excite great astonishment, as it will seem to flow only when no more 
water is poured into it. 

This machine might be constructed in the figure of a rock, with a fountain issuing 
from the bottom of it ; and the upper part might represent a meadow, or fiorest, &c. 
On pouring water over it from a watering pot, to represent rain, the small fountain 
would be seen to stop, and to continue in that state as long as water was poured over 
it. The use to which this idea might be applied will be seen hereafter. 

PROBLEM LXV. 

To construct a fountain whiebt after flowing some time, shall then sink down to a certain 
point ; then rise again ; and so on alternately • 

Though we have not found anything satisfactory on this subject, it is nevertheless 
possible; for we shall mention hereafter some instances of fountains, the basons 
of which exhibit this phenomenon. We shall therefore content ourselves for the 
present with having pioposed the problem to our readers. 

Remarks. — Containing the history and phenomena of the principal intermittent foun~ 

tains known f as well as of some lakes and wells which have similar properties. 

History of the famous lake of Tschirnitz, 

In the preceding problems we have explained the principles of the phenomena 
exhibited by a great number of fountains, or collections of water, the properties of 
which have at all times furnished matter of reflection to philosophers, and been a 
subject of admiration to the vulgar. But much is to be deducted from what the 
vulgarnfllate, or imagine they see, in regard to this subject. Many of these springs, 
when examined by philosophers, or accurate observers, lose the greater part of what 
they had of the marvellous. In several of them, however, there still remains enough 
to cxerqise the sagacity of the searchers into nature. The object of this work 
obliges us, in some measure, to make known the most remarkable of these fountains. 
But we shall confine ourselves to those, the facts respecting which are confirmed by 
good descriptions ; for it is of no utility to repeat what is uncertain or incorrect. 

I. The greater part of those springs which originate from accumulations of ice, 
are observed to be intermittent. Such are some of those seen in Dauphine, on the * 
road from Grenoble to Brian9on. They flow, as we have been assured, more abun- 
dantly in the night than in the day time, which on the first view seems difficult to be 
reconciled with sound philosophy t but we shall shew that this maybe explained 
without much difficulty. 

The author of the Description of the Glaciercs of Switzerland, speaks of a similar 
spring, at Engstlcr, in the canton of Berne : it is subject to a double iiitermittence, 
that is to say, an annual and a daily : it does not begin to flow till towards the month 
of May ; and the simple peasants, in the neighbourhood, firmly believe that the 
Deity sends them this spring every year for the use of their cattle, which about that 
period they drive to the mountains. Besides, like those of which we have already 
spoken, it is during the night that it flows in the greatest abundance. 

The annual re- appearance of this fountain, on the approach of spring, may be 
easily explained : for it is only towards this period that the mass of the earth, being . 
jflficiently heated, begins to melt the ice from below. It is at this period, therefore, 
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•ifilll m Hib Bwimer tbat tbete enormoua totiaet of ice are melted. No doubt 
Im etltertebed of it, when it !• obterted.'Oiai they eontbually give birtb 
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acarcely altered* But how cornea it that the greater part of these 
Ihmiah the largeat fuantity of water in the night time ? Thia phenomenon 
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It ar]MM» in our opinioii, from the alternation of h«it and cold, occasioned by the 
preeeiMw and abeence of the sun, in the mats of the earth covered by this accumula- 
tion of ice. But at a certidn time it necessary before the heat of the sun can produce 
ha effect, and be eonasunicated to tbe distant parts, it happens that the moment 
of their greateat heat is posterior, by several houri, to that of the greatest beat 
of tbe mr, which takes place about three in the afternoon j it is only some hours 
then after sun-set, that the greatest liquefaction of the ice, which is in contact with 
tbe earth, can be produced ; and if we take into consideration the space which the 
water thence arising must pass through, in confined channels between tbe valleys and 
nnder the ice, it will not seem astonishing that it should not make its appearance till 
towards night. It will therefore be about eleven o’clock, or midnight, that these 
Streams, produced by the melting of the ice, will furnish the greatest quantity of water, 

II. The intermittence in this case depends upon causes W'hich may be easily dis- 
covered : it is not even a real intermittence : but the fountains we are about to 
describe are really intermittent. 

A spring of this kind is seen at Fontainebleau, in one of the groves of the Park. 
It would probably be better knowTi, and would not be inferior in celebrity to that 
of Lay well, if courts were more frequented by philosophers. 

This fountain flows from a sandy bottom, into a bason six or eight feet square : 
the.re is a descent to it by several steps, in the last of which, or close to the water, 
is dug a small channel, which suffers it to run off. The following are tbe phenomena 
observed in this fountain. 

The bason being supposed to be half full, as is the case when a large quantity 
of water has been drawn from it, the water rises to the edge of the last Ifep, and 
runs off by the channel for some minutes. This dihcharge is followed by a bubbling, 
sometimes so strong as to be heard at a considerable distance. This is a sign of tbe 
speedy falling of tbe water. It immediately begins, indeed, to fall a few inches 
below tbe level of tbe channel ; but this height is variable. It is then stationary 
for some time ; but afterwards rises ; and continues in this manner alternately. 
Each flux of this kind employs about seven or eight minutes. Sometimes however 
it seems to sport with the curious, and remains half an hour, or even a whole hour, 
without repeating tbe same play. 

The description of a fountain, nearly similar to the preceding, may be seen in the 
Philosophical Transactions, Nos. 202 and 424 ; and in Desaguliers 8 Course, vol. 2 ; 
it is situated at one of the extremities of tbe small town of Brixham, near Torbay, 
in Devonshire: the people in the neighbourhood call it Lay-Well. It is on the 
declivity of a small hill, and distant from the shore a full mile ; so that it can have no 
communication with tbe sea. The bason, according to the latest description, is eight 
feet in length, and four feet and a half in breadth. A current continually flows into 
the bason, and the water escapes at the other extremity, through an aperture, three 
feet broad, and of q proportionable depth. 

Sometimes the water flows uniformly for several hours, without rising or falling ; 
and hence some credulous people believe, that the presence of certain persons has an 
influence on thia fountain, which interrupts its play. But, for the most part, it has 
a very sensible and very speedy flux and reflux. For about two minutes the water 
rises some inches, after which it falls for about tbe same period, and then a short 
rest ensues ; so that tbe total duration is about five minutes. This takes place 
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twenty times in succession, aftyr which the fountain seems to rest for about two 
hours, and during that time the water flows in a uniform manner. This, according 
to the author of the description, is a peculiarity by which this fountain is distin- 
guished from all others that have come within his knowledge. But we have seen 
that the one of Fontainebleau experiences something of the same kind ; a very strong 
analogy even is remarked between them, and it appears almost evident from the 
descriptions, that their periodism is not in the spring, but only in .the discharge. 
This is certain, at least in regard to that of Fontaipebleau ; as the nature of the 
ground does not permit us to suppose any thing siniilar to that which requires a pe- 
riodical flowing in the spring itself. 

However, we shall here describe a third fountain, much more considerable than 
either of the preceding two, and which presents a very striking intermittence ; it is 
situated in Franchc- Comte, and a very good description of it was published in the 
“Journal des S^avans,*’ for October 1088. 

This fountain is, or at least was at that period, near the high road leading from 
Pontarlier to Touillon, at the extremity of a small meadow, and at the bottom 
of some mountains which hang over it ; it flows from two different places, into two 
basons, on account of the roundness of which it has acquired the name of JLa. Fon- 
taine ronde. The upper bason, which is larger than the other, is about seven paces 
in length, and six in bit adth ; and in the middle of it there is a stone cut in a sloping 
foim, which serves to render the motion of its reciprocation sensible. 

When the flux is about to commence, a bubbling is heard within the fountain, 
and the water is immediately seen to issue on all sides, producing a great many 
air bubbles : it rises a full foot. 

During the reflux, the water falls nearly the same time, and by the same gradations. 
The total duration of the flux and reflux, is about half a quarter of an. hour, includ- 
ing about two minutes of rest. 

The fountain becomt's almost dry at each reflux, and at the end of it is beard a 
sort of murmuring noise, which announces its cessation. 

The small town of Colinars, in Provence, presents also a fountain of the same 
kind, situated in the neighbourhood of the town, and is remarkable for the 

trequency of its flux. When it is ready to flow, a slight murmur is heard ; it after* 
wards increases for half a minute, and then thiows up a jet of water as thick as the 
arm ; it then decreases for five or six minutes, and stops a short time, after which 
it again begins to flow. In this manner the duration of its flowing and intermit- 
tence together is about seven or eight minutes: so that it flows and stops about 
eight times in an hour. Gassendi and Astruc have given a more detailed account 
of this fountain ; the former in his works, and the latter in his “ Histoire Naturelle 
du Languedoc et de la Provence.’^ 

The fountain of Fonzaiiches, in the diocese of Nismes, deserves also to be men- 
tioned. Fonsanches is situated between Sauve and Quissac, not far from, and on 
the light of the Vidourlc. It issues from the earth, at the extremity of a pretty 
steep declivity, looking towards the cast. Its intermittence is very striking; it 
flows and stops regularly twice in the course of the day, or of twenty-four hours ; 
the duration of its flux is 7 hours 25 minutes, and that of its intermission 5 hours 
or nearly ; so that its flowing is retarded every day about 50 minutes. But it 
would be erroneous thence to conclude, that it has any connection either with 
the motion of the moon, or with the sea, though it has been called La Fontaine au 
flux et reflux. It would he absurd to suppose channels proceeding thence to the 
sea of Gascony, which is 130 leagues distant. Besides, as the retardation of 50 
minutes is not exactly that of the tides, or of the moon’s passage over the meri- 
dian, the analogy of the one movement with the other can no more be maintained, 
than if this retardation were much greater or less. 
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W« ihall i«rmii}at4> thi* paragraph with a dcmiption of tlio famous fountain called 
FomttMiothe, situated in the diocese of Muepmx. Tin account we shall give of it is 
extracted from Astruc’s deacnpti(»n, published in flic work before mentioned. 

Fonteatorbe it situated at the extremity of a chain ol rocks, which advance almost 
to the banks of the river Lert, between Fougat and Hidlestat, in the diocese of Mi. 
repoix. At a considerable height above the bed of the river is a caveni, 20 or 30 
feet in length. 40 in breadth, and 80 in height. On the right side of this cavern is 
the fountain in question, in a triangular aperture of tiic rock, the base of which is 
aboai 8 feet in breadth. It is through this aperture that the water issues, when 
the dux takes place. What characterises its intermission, in a very singular man- 
ner, is, that it ia intermittent only during the time of drought ; that is to say, m 
the moniha of June* July, August, and September: it then flows for 30 or 37 mi- 
Otttea, riaii^ 4 or 5 inches above the base of the triangular aperture, after which it 
ccoaea to flow lor 33 or 33 minutes. If it happens to rain, the time of intermission 
It sborl«Ood» «ocl when it has rained three or four days in succession, it becomes an. 
Oihil i M ; iO that the fountain then oontinnet, though with a periodical increase : 
hot at length, when the rain has lasted a considerable time, the flux is continued 
' and uniform, and remains in this sUte throughout the winter, until the return of 
dry weather, when the fountain i^n becomes periodical and intermittent, by the 
mm gradatiooi inverted. 

The reason of the greater part of the phenomena here described, may be deduced 
from the giruieiplet rxpiained in the preceding problems. For this purpose, nothing 
is necessary hut to conceive a cavity of greater or less extent, formed by the sink, 
inf doam of a bank of clay, and which serves as a reservoir to a collection of water, 
fumithed by a spring. Let this cavity have a communication outwards by a kind oi 
crm^cd channel, the interior aperture of which is near the bottom of the cavity, 
and the exterior one much lower ; this channel will evidently perform the part oi 
Ihe wpbon of Prob. LXH. Fig. 37, and will produce the same phenomena, sup> 
ponng however that the exterior air has access to the cavity. 

If the spring then which fills the cavity, here described, always furnishes less wa- 
ter than the supposed siphon can evacuate, the water will flow only periodically ; 
for before it can issue, it must rise to the summit or angle of the two blanches ot 
the siphon ; it will then flow and evacuate the water contained in the cavity, and 
it will again stop till more water rises. 

But, if the concealed spring, which feeds the reservoir, be variable : that is to say, 
if it be much more abundant in winter, and during rainy weather, than in summer, 
or during dry weather, the apparent spring will be intcrmiiUnt only during the lat* 
ter ; the duration of its intermissions or rest will decrease, according as the con- 
cealed spring becomes more abundant ; and when the concealed spiing gives a«< much 
water as the siphon can evacuate, the apparent spring will become continued: it will 
at length gradually resume its intermittence, according as the interior spring decreases 
in volume. 

Here then the phenomena of the spring of Fontestorbe are explained, by the same 
mechanism as that of the other springs purely intermittent. It appears, that in the 
latter the concealed spring derives its origin from subterraneous water, which re- 
ceives little or no augmentation from exterior water ; and that, on the contrary, the 
spring of Fontestorbe is fed by water arising from rain and melted snow. 

We shall add only a few words more, respecting some fountains of this kind, men- 
tioned in various authors. Such is that in the environs of Paderborn, called Bullerborn, 
which flows, it is said, for twelve hours, and rests during the same period: that of 
Ilaute-Comhe, in Savoy, near the lake of Bourget, which flows and stops twice in an 
hour ; that of Buxton, in the county of Derjiy, mentioned by Childrey in his 
“ Curiosites d’Angleterre,” which flows only every quarter of an hour ; one near the 
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lake Oomo, celebrated in the time of Pliny the younger, which rises and falls periodi. 
cally, three times a day, &c. 

III. We shall now describe phenomena of another kind, namely, those exhibited 
by c‘ertain wells or springs, which rise and fall at certain periods, while no place is 
known by which the water is discharged. There is a well near Brest subject to this 
periodical falling and rising, the explanation of which has afforded considerable occu- 
pation to philosophers. The description we shall give of it is extracted from the Jour- 
nal de Trevoux, October 1728; it was written by Father Aubert, a Jesuit, who 
appears to have been a very correct and well informed philosopher. 

This well is situated at the distance of two leagues from Brest, on the border of an 
arm of the sea, which advances as far as Landernau. It is 75 feet from the edge of 
the sea at high water, and nearly double that distance at low water. It is 20 feet 
in depth, and its bottom is lower than the surface of the sea at high water, but 
higher than the same surface at low water. 

It would not be astonishing, or rather would be altogether in the natural order of 
things, if the well should sink down at low water, and rise at high water ; but the 
case is quite contrary, as will be seen by the following detailed account of the phe- 
nomena observed. 

The water of the well is lowest, that is to say is only 11 or 12 inches above its 
bottom, when the sea is at its highest. It remains in that state about an hour, 
reckoning from the time of high water : it then increases for about two hours and a 
half, during the time the sea is ebbing; after which it remains stationary for about 
two hours. It then- begins to deerease for about half an hour before the time of low 
water, and this continues for the first four hours of the sea’s flowing. In the last 
place, it remains in the same state of falling for about three hours, that is during 
the last two hours of the sea’s rising, and the first hour of its ebbing; after which it 
again begins to rise, as before mentioned. It was observed during the great drought, 
in the year 1724, that this well was for some hours dry, while the sea flowed, and that 
it became full as the sea ebbed. We do not know whether this well be still in 
existence. What adds to the singularity of the phenomenon is that the neighbouring 
wells, which might be supposed to experience the same vicissitudes, are subject to 
nothing of the kind. 

According to Desaguliers, a small lake at Greenhitbc, between London and 
Gravesend, exhibits the same phenomena ; and this author adds, that he beard at 
Lambourn, in Berkshire, of a spring which is full in dry weather, and dry during 
rainy weather. It is much to be wished that he bad ascertained the truth of these 
circumstances. 

IV. But every thing hitherto said, though very remarkable, is nothing when com- 
pared with the singularity of the famous lake of Tschirnitz. This lake, which is of 
considerable extent, is situated near a small town of the same name, in Carniola. 
It is about three French leagues in length, and one and a half in breadth, having a 
very irregular form. 

The singularity of this lake consists in its being full of water during the greater 
part of the year, but towards the end of June, or the first of July, the water runs 
off by eighteen holes or subterranean conduits, so that what was the abode of fish and 
abundance of aquatic fowls, becomes the haunt of cattle, which repair thither to pas- 
ture on the grass which is found there in great plenty. Things remain in this 
state for three or four months, according to the constitution of the year ; but after 
that period, the water returns through the holes by which it had been absorbed, and 
with so considerable a force that it spouts up to the height of several feet, so that 
in less than twenty-four hours the lake has resumed its former state. 

It is however to be observed, that there are some irregularities in the time and 
duration of this evacuation. It sometimes happens that the lake is filled and emptied 
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two or ilireo Uwm in the year. One year it expeiieneed no eracuation, but it 
otter femtiiia empty abote four montht. Notwitfattunding tbeie irregularities, the 
pimnomenon deae^ee a plaee among tbe most extraordinary tingularities of nature. 
0tt 00 tbit aobjeet a work by M. Weiekard Valrator, a learned man of that country, 
eotHM ** Gloria ducataa Comiolm,** &e., 1686» 4to. Tbia author enters into detaib 
Widdi entitle him to credit s and betidea this, itis afoctwell known, and mentioned 
ly tiHotia intelligeni tratellert. 

H Valviaor dedneea, with great probability, the phenomena of tbia lake from gub. 
tcrraoean caritiea, wMdi communicate with it, by apertures already mentioned, 
and which are full of water supplied by tbe rain. When the rain ceases for a consi. 
derable time, to that the water it evacuated to a certain point, a play of siphons 
tahea place, by which mpena the whole lake is emptied. But for the details of 
this explanation we miiat refer to the work before mentioned, or to the Acts of 
Lcipale for the year 108B. 

PaOBLEM LXVL 

Of ik$ Spiking Thtmpet, and ear trumpet. Erplanation of them. Construction of 
the enchanted Head. 

As the sight is assisted by telescopes and microscopes, so similar instruments have 
been contrived for assisting the faculty of bearing. One of these, called tbe speak- 
ing trumpet, is employed for conveying sound to a great distance : the other, called 
the ear-trumpet, serves to magnify to the car the least whisper. 

Among the modems, Sir Thomas Moreland bestowed the most labour in endea- 
vouring to improve this method of cnlargingand conveying sound, and ontbissub- 
iect he publUhed a treatise, entitled “De Tuba Stentoropbonica,” a name which 
lOludes to the voice of Stentor, celebrated among the Greeks for its extraordinary 
stiength. The following observations on this subject are in part borrowed from that 

curious work. . j. r , 

The ancients, it would seem, were acquainted with the speaking trumpet ; lor we 
are told that Alexander had a horn, by means of which he could give orders to his 
whole army, however numerous, Kircher, on the authority of some passages in a 
manuscript, preserved in the Vatican, makes the diameter of its greatest aperture to 
have been seven feet and a half. Of its length he says nothing; and only aUds 
that it could be heard at the distance of 500 stadia, or about 25 

This account is no doubt exaggerated; but however this may be, the spea i g 
trumpet is nothing else than a long tube, which at one end is only large enoug o 
receive the mouth, and which goes on increasing in width to the other «t^mi y, 
bending somewhat outwards. The aperture at the small end must be a little flat- 
tened to fit the mouth; and it ought to have two lateral projections, to cover part 

of the cheeks. . . . j 

Sir Thomas Moreland says, that he caused several instiuments of this kintt to n 
constructed of different sizes, viz. one of four feet and a half in length, ^ ^ 
the voice could be heard at the distance of 500 geometrical paces ; another 10 teet 
8 inches, which conveyed sound 1800 paces; and a third of 24 feet, which rendered 
the voice audible at the distance of 2500 paces. 

To explain this effect, we shall not say, with Ozanam, that tubes serve, in ge- 
neral, to strengthen the activity of natural causes; that the longer they are the 
more this energy is increased, &c.; for this is not speaking like a philosopher ; it is 
taking the effect for the cause : we most reason with more precision. 

The cause of this phenomenon is as follows. As the air is an elastic ui , so a 
every sound produced in.it is transmitted spherically around the sonorous body; 
•when a person speaks at the mouth of the trumpet, all the motion which would be 
eommunicateil to a spherical mass of air, of four feet radius for example, is com- 
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inunicated only to a cylinder, or rather cone of air, the base of which is the wider 
end of the trumpet. Consequently, if this cone is only the hundredth part of the 
whole sphere of the same radius, the effect will be as great as if the person should 
speak a hundred times as loud in the open air ; the voice mast therefore be heard 
at a distance a hundred times as great. 

The ear trumpet, an instrument exceedingly useful to those almost deaf, is nearly 
the reverse of the speaking trumpet ; it collects, in the auditory passage, all the 
sound contained within it ; or it increases the sound produced at its extremity, in 
a ratio which may be said to be as that of the wide end to the narrow one* Thus, 
for example, if the wide end be 6 inches in diameter, and the aperture applied to 
the ear 6 lines, which in surfaces gives the ratio of 1 to 144, the sound will he 
increased 144 times, or nearly so $ for, we do not believe that this increase is 
exactly in the inverse ratio of the surfaces ; and it must be allowed that, in this 
respect, acoustics are not so far advanced as optics. 

The tube of the ear trumpet is now often made of india-rubber covered with an 
ornamental net work. It is made of considerable length, and being flexible, the 
wearer can converse with a person across a table by passing over the end to which 
the mouth-piece is attached, and applying the other end to his ear. 

Remark , — It is a certain fact, proved by experience, whatever may be the cause, 
that sound confined in a tube, is conveyed to a much greater distance than in the 
open air. Father Kircher relates, in some of his works, that the labourers 
employed in the subterranean aqueducts of Rome, heard each other at the distance 
of several miles. 

If a person speaks, even with a very low voice, at the extremity of a tube, some 
inches in diameter, another who has his ear at the extremity will hear distinctly 
what is said, whatever be the number of the circumvolutions of the tube. 

This observation is the principle of a machine, which excites great surprise in 
those unacquainted with the phenomena of sound. A bust is placed upon a table ; 
from one or each of its ears a tube is conveyed through the table and one of its feet, 
so as to pass through the floor, and to end in a lower or lateral apartment. Ano- 
ther tube, proceeding from the mouth, is conveyed in a similar manner, into the 
same apartment. A person in company is desired to ask the figure any question, by 
whispering into its ear. A confederate of the one who exhibits the machine, by 
applying his ear to the extremity of the first tube, hears very plainly what has been 
said : and placing his mouth at the aperture of the other tube, returns an answer, 
which is heard by the person who proposed it. If motion be communicated at the 
same time, to the lips of the machine, by any mechanical means, the ignorant will be 
much surprised, and inclined to believe that this phenomenon is the effect of magic. 
It may be easily seen, however, that the cause is very simple. 

FROSLEH LXVII. 

When hoys play at Ricochet, or duck and drake, what is the cause which makes the stone 
rise above the surface of the water, after it has been immersed in itf 

This play is well known, as most boys amuse themselves with it, when near a 
piece of water of any extent. But the cause why the stone rebounds, after it has 
touched the surface of the water, seems to be involved in a certain degree of ob- 
scurity ; and we will even say that some philosophers have mistaken it, by ascribing 
it to the elasticity of the water. As water has no elasticity, it is evident that this 
explanation is not w'ell founded. 

This rebounding however depends on a cause which approaches very near to elas- 
ticity. It is the effort made by every column of water, depressed by a shock, to 
rise up and resume its former situation, in consequence of a sort of equilibrium w^cb 
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miMt prevail between it amliU iiciglilxiurji. But K*t us enter into a more detailed 
•nalytif of wUat takes place on thia oceuaion. 

When the atone, which must be tlat, it thrown obliquely at (he surface 
<if the water, and in (he direction of itt edge, it is evident that it it carried by 
two kinds of motion compounded together, one boi izontal, which it quicker, and 
the other vertical, which it much tlowct-. The stone when it reaches the surface of 
the water, impels it by the effect of the latter only, and depresses a little the column 
of water which it meets ; this produces a resistance* which weakens the vertical 
movement, but without destroying it; so that it continues to dip, depressing other 
columns ; hence there result new resistances, which at length annihilate this motion, 
io lar as it is vertical. The stone has then reached the greatest depth to which it 
can attain, and must tieceisarily describe a small curve, the convexity of which is 
opponiie to the bottom of the water ; but, at the some time, its motion so fur as 
it k boriaontal, bae kwt little or nothing. On the other hand, the column, depressed 
bjr tba iboek of tbe atone, reacts against It, being pushed by the neighbouring 
O^tUMUS : and hence there arises a vertical motion communicated to tbe stone, which 
la combined with tbe remaining part of its horisontal motion. Tbe result then must 
be an oblique motion, tending upwards ; which causes the stone to rebound above 
the water, making it describe a very much flattened small parabola ; it then again 
strikes the water obliquely, which produces a second rebounding ; then a third, a 
iburth, and so on, always decreasing in extent and height, till tbe motion is entirely 
anmkilatcd. 


PROBLEM LXVIII. 

Metktmum fmper fftles. Vwioun q^uentions in regard to this amusement. 
Every one is acquainted with the amusement of the paper kite, a very curious 
■mall machine, which in its meebsmsm di«|ila>8 great ingenuity. I'o some howevei 
it may appear astonishing that an object of this nature should form the subject of an 
•rademic memoir ; for there is one on paper kid's in the IVansactions of the Acndcniy 
of Berlin for the year 175(>. Hut this surprise will cease when it is known that M. 

Euler was a profound geometrician, at an age when most young per- 
sons w*c nothing in the paper kite but an object of amusement: to 
him therefore it could hardly fail of being a subject of meditation. 
It presents indeed several curious questions, and which for the most 
part cannot be treated without the higher analysis. This memoir 
therefore may be ranked among the juvenilia of a great matberaati- 
cian. We shall not follow him in his profound calculations; we 
shall content ourselves with treating the subject in a less rigorous 
manner, but much easier to be understood. 

The kite, as is well known, is a plane Hurfuce a BCD (Fig. 3y.), 
as light as possible, shaped like an irregular rhombus ; that is to say, 
formed of two triangles, b a c and n d c, in which the angle a of the 
former is much greater than the angle d of the latter. The head is 
towards A.and d is the tail, to which is generally affixed a long cord 
having pieces of paper attached to it at certain lengths : some much 
shorter are placed at the corners b and c. which cause the small 
machine, when elevated, to appear at a distance like a monstrous 
bird balancing itself in the air by the help of its tail and its wings. 

At a point of tbe axis a d, and towards tbe point x, is affixed a small cord, some 
hundred, of feet in length, rolled upon a .tick, to be let out or t«ke» m a. ocm.o„ 
may require. But it i. neccary that Ihi. cord should be made fast to the kite m a 
cettoii ’manner ; for, in the first place, two other .mall cord, proceeding from a point 
the ptace where it i. attached ma.t be extended to the point, n and c. to pre- 
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\ent the machine from turning on the axis ad ; and secondly, from the same point 
of the cord, another small cord must proceed to a point near the head a ; so that 
the angle formed by the cord wth the axis a d, shall be acute towards a, and inva- 
riable ; a fourth even is made to proceed from this point of the cord to a point 
near i>. 

These arrangements being made ; when the kite is to be committed to the wind, 
an assistant holds the cord at the distance of some yards, and the inferior surface 
ol the kite being exposed to the wind, it is thrown up into the air. The person 
who holds the cord then begins to run agairit the wind in order to increase the action 
of the air on its surface. If a considerable resistance is experienced, a little of the 
cord is successively unrolled, and the kite rises : it is necessary to know how to 
govern it by unrolling or winding up the cord properly ; that is to say, letting it go 
when it is found by the effort experienced that the kite can still rise, and winding it 
up when it becomes slack. A kite properly constructed, when the time and place 
are favourable, can rise to the height of three or four hundred feet, and even more. 

To analyse this amusement, and explain 
what takes place, let us suppose that ad 
(Fig. 40. ) represents the axis of the kite, 
to which is attached the cord E c, held at 
c by the person who directs it. Let f b 
be the direction of the wind, all the cur. 
rents of which we suppose united in one, 
acting on the centre of gravity of the sur- 
face of the kite; and which, for the sake 
— of simplifying, we shall suppose not to 
differ from that of the body itself, or to be 
very near it. 

Let F E represent the force with which the wind, to which the kite is exposed, 
impels its surface in a perpendicular direction ; draw e o perpendicular to that sur- 
face, and make k l a third proportional to e p and e g, and draw l m, parallel to o f ; 
B L will represent the force with which the wind impels the lower surface of the 
kite, in the perpendicular direction, and lm will be the cffoit exercised by this impulse 


FVy. 40. 



in the direction m l or a e d. 

We shall first observe, that by the latter the kite would tend to be precipitated 
downwards; but the angle a kc being acute, there thence results an effort in the 
direction e a, which counterbalances the former; otherwise the kite could not 
support itself, and thi*! is the reason why this angle must necessarily be acute. 

If we now make e ii equal to v, l, and draw E i perpendicular to the horizon* 
and H I pel pendicular to e h, we shall have two new forces ; one of which, i n, will 
act in the direction k d, and tend to throw down the kite : but this force is anni- 
hilated, as wtII as the former m l, by the power in c, which draws according to the 
acute angle a e c. The other, s i, is that which tends to make the kite rise in a ver- 
tical direction. 

Hence, if the force f i be greater than the weight of the kite, it will be raised 
into the air, and if we suppose that the extremity of the cord is fixed in c, it will 
turn around the point c as it rises; but by turning in this manner it must necessarily 
happen that the wind will fall with more obliquity on its surface a d ; so that there 
will at length be an equilibrium. The kite then will rise no farther, unless the cord 
is let out ; in which case it will rise parallel to itself, and as in ascending it will meet 
with freer air and stronger wind, it will still turn a little around the angle c ; or the 
angle c will become greater, and approach more and more to a right *anglc. 

Such is the mechanism by which the paper kite rises into the air. It may be tea- 
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dily seen, that if the velocity of the wind, with the surface and weight of the kite, be 
known, as well as the constant value of the angle a E c, the height to which it will 
rise may be determined. 

A question, which here naturally presents itself, is, what ought to be the value of 
the angle a s f, in order that the small machine may rise with the greatest facility ? 
We shall not give the analysis of this question, but shall only say, that if the wind 
be horizontal, this angle must be 54° 44', or the same which the rudder of a ship 
ought to make with the keel, that the vessel may be turned with the greatest 
facility, supposing the currents of water which impel it to have a direction parallel to 
the keel. 

We shall here observe, that it is not absolutely necessary that the angle a e c 
should be invariable, and determined to be such, by a small cord proceeding from a 
point of c E to another point near the head ; but in this case the point s, where this 
cord is attached to the kite, must not be the same as the centre of gravity of the 
surface of the kite, and the centre of gravity must be as far as possible towards the 
centre of the tail d. It is for this reason, that a cord with bits of paper fixed in it 
is added to the point d ; by which means the centre of gravity is thrown towards 
that point. Those who amuse themselves with kites, were certainly not conducted 
to this mode of construction d priori: the origin of this appendage must have been 
a desire to give to the small machine the appearance of a bird with a long tail, ba- 
lancing itself in the air. But accident on this occasion has been of great utility ; 
for M. Euler found by a calculation, of which no idea can be here given, that this 
small tail contributes a great deal to the elevation of the kite 

In short, this amusement, however frivolous it may appear, presents some other 
mechanical considerations which require a great deal of address, and a very intri- 
cate calculation ; hut for farther particulars, wc must refer to the Memoir of M. 
Euler before mentioned. 

Remark By observing the before- mentioned rules, various figures may be given 

to this small machine ; such as that of an eagle, or a vulture, &c. We remember 
to have once seen a kite which resembled a man. It was made of linen-cloth cut, 
and painted for the purpose, and stretched on a light frame, so constructed as to 
represent the outline of the human figure. It stood upright, and was dressed in a 
sort of jacket. Its arms were disposed like handles on each side of its body, and 
its head being covered with a cap, terminating in an angle, favoured the ascent of 
the machine, which was twelve feet in height; but to render it easier to be trans- 
ported, it could be folded double by means of hinges adapted to the frame. The 
person who directed this kind of kite was able to raise it, though the weather was 
very calm, to the height of nearly 500 feet ; and when once raised he maintained it 
in the air by giving only a slight motion to the string. The figure, by these means, 
acquired a kind of libration like that of a man skaiting on the ice. The illusion 
occasioned by this spectacle, which might seem fit only for amusing school-hoys, did 
not fail to attract a great number of curious spectators. 

PBOBLEU LXIX. 

Of the lyivining Rod ; and opinion which we ought to form of it. 

In the article which Montucla has given under this head, he expresses strongly his 
opinion that the performances which are said to have been effected by the aid of the 
divining rod, are cither illusions or philosophical quackeries. 

The rod itself is merely a forked hazel twig, and it is said that, if held by the tips 
between the fingers and thumb there are certain persons in whose hands it spon- 
taneously revolves with considerable force, when near or over either a spring of 
water or treasuie concealed in the earth ; and it is said to have been available in dis* 
covering criminals. 
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Montucla mentions a person named d*Aymar, who, by the aid of the divining rod 
(or la baguette devinatoire, as the French call it), pointed out a murderer, of whom 
he had been sent in pursuit, among many other persons whom he found in prison 
with him. But the belief among the better informed people of the time was, that 
d* Aymar had accidentally been a witness of the murder ; and gave credit to his rod 
for the knowledge which he had derived from a more feasible source. * 

He was a treasure-finder too ; but having failed most egregiously in an experiment 
where he had to experiment only, he was thenceforth accounted a cheat, and died in 
poverty. 

Peranque, another of these impostors, exercised his vocation in the southern pro- 
vinces of France. The wonder in him was his powers of vision. He could see 
springs in the bowels of the earth, even at great depths ; and he could trace out 
their course and give a good estimate of their depth. Another worthy, of the same 
district, discovered secret springs, by a faculty which manifested itself in a less 
agreeable manner ; he was-.8eizcd with violent illness when he passed over the place 
where they were. 

A female at Lisbon had the sharp-sighted faculty of divination. When but a child 
she discovered (and it is said truly) that the family cook was enceinte^ by seeing the 
child in its mother’s belly. The human body was, to her sight, transparent. She 
was even able to point out to the physicians the viscera affected with disease ; but it 
was essential, to the exercise of her faculty, that the body should be exposed to her 
view — naked. 

It is pretended that many wells at Lisbon were dug in consequence of her indica- 
tions ; and that she discovered by her sight an obelisk which had been long buried 
in the earth, and which was dug out and erected as an ornament to the city. 

It is not to be wondered at, that in these times of general credulity, when the 
little scientific knowledge possessed by the learned was often employed for the 
purposes of delusion, such follies obtained a certain degree of credence ; but it is 
lamentable to reflect that, even among the most enlightened classes, many were 
believers in the powers of the divining rod. 

In the present edition of Montucla’s Recreations, however, the article Z>tz;tnmp Rod 
is retained chiefly from a circumstance of which we now proceed to give a short 
account. 

Soon after the publication of the first edition of the English translation of Montucla, 
Dr. Charles Hutton, the translator and editor, received a clever anonymous letter from 
a lady, declaring that, incredible as it might seem to the Doctor, and unaccountable as 
it was to herself, she did actually possess the power of discovering hidden springs by 
the aid of the baguette ; that she bad known several others who had the property ; 
and detailing very fully the circumstances connected with her becoming aware 
of possessing such a faculty. She pointed out to the Doctor how he might address 
a letter to her, and a correspondence ensued, from which it eventually appeared that 
there was no hoax whatever on the part of the lady, who was a person of exalted 
rank and superior talents. 

On her coming to town with her family, the Doctor waited upon her to pay his 
respects, when it was arranged that she should visit him at his residence, and give 
ocular proof of the power of the divining rod in her hands. 

We give the result in Dr. Hutton's own words. 

** Accordingly, at the time appointed, the lady, with all her family, arrived at my 
house at Woolwich Common ; when, after preparing the rods, &c., they walked out 
to the grounds, accompanied by the individuals of my own family, and some friends ; 

when Lady shewed the experiment several times, in different places, holding the 

rods, &c. in the manner she had described in her letter. In the places where I had good 
reason to know that no water was to be found, the rod was always quiescent ; but 
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kk ivliere 1 knew wm water bciow tk« MtriMe, ike eodi 

turaaft MttA abwly and regular]/ tiU twigs twisted tfaemelfet edf betoiir k« 

iU^gurs. wMdb were cuusideraW/ indented by fordbl/ hoUSng tlM rods b e t w e e n 
tbeni. 

AQ the eompan/ present stood dose round tbe lady, with all eyes intently filed 
on bof^bands and tbe rods, to wateb if any partieolar inotioB might be made by dm 
diggers { but in vdn ; nothing of ibe kind was perceived ; and aU the company could 
observe no oauee or reaeon wby tbe rods ebould move in tbe manner they were seen 
to da After tbe eipeHments were ended, evwy one of the eompany tried the rods 
in tbe same manner as they saw tbe lady bad done, but without -the lout motion 
from any of tbesa.^ Tbe Doctor adds : In my fiunUy, among ouraelves, we have 
aUioe then aeveral dmea tried if .we could poeiibly cause tbe rod to tom, by means 
of any trick in twisting of the fingers, held in the manner the lady did ; but in vain ; 
we bad no power to accompUsb it ;** and he eiprestee his eonvietkm •• that there 
appears to exist tneh evidences of the reality of the motion, as it seems next to im- 
posribletobe questioned. 

In oonchision, Dr. Hutton having requested permission to use the notae of the 
lady, in eonnecUon with an account of the experiment which she had made in his 
presrace, the declined, from a dislike which tbe bad to appearing in print; but 
added^ that, '* They (the circumstances) are known to so eumy, I am of opinion 
they win obtain credit in a great degree, without a neme being formally attached to 
them.** 

Both parties have long been removed beyond tbe reach of the press; there 
can therefore be no impropriety in stating now, that the lady in question was tbe 
Hba. MUbanke, wife of Sir Halpk MtlbttnkOf Mari* {afUrvoardi Nbal\ and 
meihar of ika praaant domager Ladg Bgron* 







PART TWELFTH. 

OF TBB MAONBT^ AND ITS YARIOUII PHBNOMBNA. 


Of all the pbanomena exhibited to us by nature, magnetiain, or the properto 
of the loadstone, and elecdrldtj, may with justice be considered as the most extra- 
ordinary, as the causes of the effects produced by them hare occasioned the greatest 
difficulties to philosophers ; for it must be confessed that, notwithstanding all their 
attempts to explain them, we are as yet acquainted only with tacts. They hare 
been able indeed to apply certain hypotheses to some of these phenomena; but if we 
examine these bypotheses with an unprejudiced eye, and without suffering ouraeircs 
to be the dupes of illusion, we must perceire that they hare little solidity, and 
that they are subject to difficulties which cannot be remored, as long as we make it a 
rule to reason only from the known properties of matter, and the laws of motion. 
Posterity perhaps will be more successful ; and, assisted by time and accumulated 
experiments, will see more clearly into these matters ; or perhaps they may for erer 
remain an impenetrable secret to the human mind. 

in this part of our work we shall confine ourselres, in speaking of the magnet, to 
its properties, and the philosophical amusements which may be performed by their 
means. Electriaty will furnish matter for the succeeding part. 

ARTICLE I. 

Of Me Nature of the Magnet, 

The magnet is a metallic stone, commonly of a greyish or blackish colour, eom# 
pact and very heavy, and is usually fotuid in Iron mines. It affects no particttlar 
form ; exhibits no external marks, to distinguish it from the meanest prodociknis 
of the bowels of the earth. But its property of attracting or repelling iron, and 
of directing itself to the north, when at ^11 liberty to move, gives it a title io be 
classed among the most singular objects of nature. 

This stone, properly speaking, is merely an iron ore, but of that kind which is 
called poor ; because it contains only a small quantity of metal Modem metallur- 
gists indeed have been able to extract iron from it ; but, besides that it is di Aeutt 
to be fused, it is so unproductive, that it would not pay for the expense of work- 
ing it 

But it may here be asked, why is not every kind of iron ore magnetic ? This ii • 
qUestidn to which, in our opinion, no answer has ever becR given. Its magnetle 
irktus arises, no doubt * peculiar comldnation of iron with the heterogeneogi 
particles to which it is,iinited ; and perhaps it eontains tome principle which does 
enter into the other ores of that metal t but it must he allowed that this doei g# 
sc^ the difficulty. Possibly, cbeoucal analyiis may some day discoetr |a 
ihif oombliiation consists ; and our profound ^noraoce respecting the physM 
of the action of tbe magnet, may arise fttm chemists having hltiforto 
mka tlfis {ffodnetion of nature a subject of their researches, ^ 
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tl» lodMane weediinriy twn* • Tbe mm m^iIi ^ irlf«| it 
im knomi Ikv^ $mn$ the GradEi itd ibs Booinit mm to Imto crigimM in 
U^^BOiia, 0 profiace of Mieetoii, wliero it wm found In great akmdaaoe* or uHkieh 
tie brut nagoete knows* But the loadatone kaa been abea £»Bsd in 
alwriNit of e ty ngton of ike oarik» and partksnlarlg in iron mnet* The island of JBbay 
no oeMnitod for Its mines of that metals workad Born tlie earliest $gm^ is said to 
fiaiaUb tbe largest and best magnets* 

AmTZOLB n. 

Cf tie primdpd JVspsrties of th$ Magmik 

The aneienta were acquainted with no other property of the magnet, than that 
wU^ it has of attracting iron$ but the modems hare diacorered seretal others ; 
mmJ* as its cornmnnioation, its direction, declination and indination, to which we 
may add its aannal and daily rariation. 

SBCTXON X. 

Of Ifte uttrootkm wkkk prmtiJU botwmn Me JHagtut tmd Inm^ or detween one Magnet 
^ emd another, 

axpsnnoBNT x. 

Whkh provee the aUraetive power of the Magnet over Irom, 

Srery person is acquainted with the attractive force which the magnet has upon 
iron* If filings of that metal be presented to a magnet, and even at some distance, 
yon will see the filings dart themselvos towards the stone, and adhere to H. The 
case win be tbe same with any small and light bit of iron, such as a needle ; this will 
apfnoaeh the magnet, as soon as it is within a certain distance of it, according to the 
fiiree of the stone. 

This experiment may be performed also in the following manner. Suspend a long 
iron needle, in a state of equilibrium, by means of a silk thread, or rather on a point 
or pivot, so as to leave it at full liberty to move : present to it a magnet, at the 
distoce of several inches, or even of several feet ; then, if the magnet be endowed 
with proper force, you will see one end of the needle turned towards it, until it be 
as near to it as possible, and then stop in that position ; so that if tbe situation of the 
magnet be cdianged, the needle will con^uidly follow it* If the needle float on 
vrater, which it nmy be easily made to do by pla^g it on a small bit of cork, it will 
not c^y ium one of ita enda towards ike magnet, but it will approach till it come 
in contact with it. 

All these phenomena will take place, even if there be between the magnet and tbe 
needle n plete of topper or glasc, or a board, or any other body whatever, iron ex- 
empted ; which provea that the magnetic virtue is not intercepted by any of theae 
bodiea but tbe last* 

If ike m^:netic virtue then Is qirodueed by moleculw agitated, or put in motion 
in any manner whatover, tbe tenuity of these moleculw mutt be very great, or at leaat 
nipecior to that of any other eroioiations with which we are acquainted, such as 
oAomi sfaiee they foqMy traverse all metals and even glass. If they prtouec no* 
efibet tiuottgb iron, H ^ in all probability, becauae they fii^ audi a fimilliy of moving 
k Ity or have eudh alBnify with it, that they do not pats bpyond it, but are thna 
intempM, 

We maybrne remark, that if akgbt and weU-pbUtbed lewing needle be dropped 
gmitlir on water. It will awim on the aurfoce, and thua remain in a etate of more 
dofiodo eoipeaiaion than can ba attained in any other way, for exbibiiing the phono- 
i if»P ef ttiignsHci attracftion. 
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oftr wtth them ; but it wiU be obiemd that Ihere an two iplaoe% ^Bametri. 
ea% eii^fmdie to each oiher« which are the polee, when tha fillage an tioeer, 
and where the email oblong fragmente etaad ac it were uprighti while in other |arte 
they lie hat. 

By thif experiment we are enabled to find the polee of the magnet* Bteiy flMig« 
net indeed haa two polee, or two oppodte pomte, which, ae will be eeeii henatter^ 
poeeeee different and peculiar prop^ee. One of theee pointe ie ealled Ihe twrtk 
pole^ and the other the south / bMuee, if the magnet be freely enepended, the lbr» 
mer will turn of iteelf to the north, and ooneeqnently the otliCT will be directed to 
the eouth. When it ie intended to perform experimente with a magnet, theee two 
pointe muet befiret determined. 

sxPEBniBirT m. 

Properties of the Poles of the Magnet^ m regard to seek other, 

Profide a magnet ; and having determined ite two polee, make it float on the 
water by placing it on a piece of cork of a proper eize ; if you then preaent to the 
north pole of thie etone the eame pole of another, the former will be repelled, inetead 
of attracted ; but if you present to its north pole the south pole of another, it will 
be attracted. 

In like manner, if to the south pole of the former you present the south pole of 
the latter, the first will recede ; but if you present to ibis south pole the north 
pole of the second, it will approach. 

The poles then of the same name, repel; and those of a different nime, attract 
eadi other. 

aXPBBIMXNT IT. 

To produce New Polee in a Magnet, 

If a magnet be eat in a direction perpendicular to the 
Mg* 41. gxis passing through its two poles a and b, Fig. 41, there 

^ T will be formed by the section two new poles, such as Fand 

uSSr E ; 10 that if a be the south pole of the whole stone, w 
will be a north pole, and f a south pole* By this hisectioo, 
therefore, the north side of the stone will acquire a south pole, and the sooth sidea 
north pole. 

This production of magnetic poles may be simply illnstrated thus: Suspend from 
the end of a strong magnetic bar a piece of iron, as a key; and from the lower end 
of that key, a smaller one may be made to bang in consequence of its indnced mag- 
netism. To this may be appended a smaller piece of iron, such as a nail, and we 
may go on thus adding piece after piece, till tilie lower one will sustain only such a 
very small weight as a light needle. 

The polarities of the lower end of each piece, if examined before another is added, 
will be found to be the same as that of tte lower end of Ihe magnet, each piece 
becoming for the time an aetual magnet ; as are, ih fact, the individuid partiidea ef 
iron filings taken up by a magnet placed among them. 

This may be foriher illastrttted by the following experiment. Take a pleee of 
iroti shaped like letter t, and suspend it by one of the branches of 
to ibe north pole of h magnet ; its lower end will instantly aequirea 
httity, and will attract and support a small key, or any other small pieco of frcpi. 
Wi^ the key Is thus suspend apply to the other branch of die foil; Hhe south 
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and (1 m k«7 wiU Insmedlaital/ drc^ off, Ittlar sMftdt 
iendh^t to induce mtbm pokrifcy •( the lower end of the ampeiided iron, iHdlo 
(ho other tended to indooe northern poloritj, end the reeult hi (hot the poMtjr et 
thntfMintia effectoellr deetro^red. 

J(4oii the ootttrerf, the north pole pf the letter megnet he eppUed ineteed of the 
•enttani one, a atnn^ polaritjr wiU he indoeed et the lower end of the ao^iendad 
Imn I nhieh wBl therelbre, in iti turn, lui^rt a heavier piece of iron than whMi the 
T ahaped piece ie euep^ided by one megn^ only. 

if the north pole iff a magnet he placed Hi the middle of an iron bar, both eztre* 
ndtiee of the her are mdered north poles, while the middle ie a south pole, jhsd 
if the north polo of a magnet be pk^ perpendicularly in the centre of a round 
iron plate, the plate will have a south pole at the centre, and every part of iu dr* 
enmibreiiee will have the property of a weak north pole* If the plate be eui\:to 
the form of a star pdnted towards the outer part, each point he a stronger 
north pole than the rim of the uncut drcular plate. 

Bmturk $, — A magnet, however good it may be, unless it be very large, will 
scarcely support a few pounds of iron i and, in general, the weight which a magnet 
can carry, is always reiy much below its own weight* But means have been 
feund out, by em^oying what is called amiug, to make it produce a much more 
coDsidemble effect. We shall therefore describe the method of arming a magnet* 
First give dm magnet a figure nearly regular, and square its sides where the two 
poles are sitoated, so diat these two sides may form two parallel planes* Then 
make, of softiron—fbr steel is not so good-..iwo pieces, such as that seen Pig. 42, 
the long and flat side of which may be of the same length and breadth as 
JPSp*42. the feces of the magnet where the poles are situated. The proper thick* 
ness however of this side, as well as the projection of the foot, and its 
thickness, can be found only by repeated trials. These two pieces must 
embrace the magnet on the two faces where the poles are situated, the 
feet passing below as if to support it ; and they must be festened b that 
situation by transverse bands of copper, surrounding the magnet, and com- 
prmbg the bng branches of these pieces agabst the fimes of the poles* 
Then provide a piece of soft iron, of the form seen Pig. 48, a little longer than 
the distance b^ween the bands of iron applied to the poles of 
the magnet, and b thickness somewhat more than tho flat 
feces of the lower part of the feet of (be armbg. In regard 
to (he height, it must be regulated by what may appear most 
convenient. Pierce a bole in it toimds the mid^, to ro- 
1^.44. ceive a hook for the purpose of suspending from H the weight 
to be supported by the magnet. 1^. 44 represents an armed 
magnet, v^ch wiU be suflicieiit to give an idea of the whole 
arrangement, without any fiurther explanation. 

A magnet armed b this manner will support a much greater 
weight, than one not armed* A stone, for example, of 2 
or 8 oUnees, will by these means supp^ 50 or 60 ounees 
of Iron } that is, 20 or 80 times its own weight. 

Lemery says be saw a magnet, of the sixe cl a moderate 
mpple, which supported 22 poun^ Some have been seen, 
of 11 ounees, wUch eould support 28 pounds* The sum of 5000 Uvres (above 
mm/iaiei wm tuM for Ifc M. 4* OmdwfoM, tl ih. 

■orsdMKM, piii—iil Mm, firai to Ui. b, Ifoaptrtitii, wbiob wu oprtle, 
«• bdk*., of mwordag . wo^ mooh (TMtw tim other magntt 
lowmu We 4e Mt rwafo^ it. fietmtloM. or H. wti{bti Bdthw of rridebnM 
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PEOFKRnriM t>F *r«K magnet. 

Fsrj «i>Dfii4«fiUft j but, if we reeolleet rigbt, be iMed to my ibet it obold tuppeit 
duty portude.^ 

It* Beeeindiei have bees made to difeorer wbetibor there be any bodiei, 
beeidei iron, lUieeptible of being: attracted by tbe magnet ; fVem wMeh it appeaia 
indeed that there are not Yet Muidienbroeek raye, that tb# magnet aeeined to aier. 
die an action on a atone which he ealla Lovtgh^nmigk, We are not acguamted wHh 
thii atone ; but it is probably some hind of iron ore in which that uMtal is tary little 
mineralised. 

In bis '* Cours de Phytiqne Experimentale,’’ chap. VII., he glfes an aoeounf of 
•ome trials, made on a great many different kinds of matter, to ascertain whetbes IhOy 
were susceptible of being attracted by the magnet He found that this stone, witlik 
out any preparation, attracted the whole or a great many of the particles in different 
kinds of sand and earth, which he enumerates. Several others presented no pmw 
tides susceptible of attraetioii by the magnet, until they had been exposed to the 
action of fire, by bringing them to a red heat, and burning them with soap, or char- 
coal, or grease : after which, says he, they were attracted by the magnet, with almost 
as much force as iron filings ; such, adds he, are the earth of which bricks are made, 
and which becomes red when burnt $ also different kinds of bole and coloured somL 
Others, when burnt ip this manner, presented only a few particles susceptible of 
being attracted by tbe magnet : of these he gives a long enumeration, which we diall 
not here repeat. 

This will not appear surprising, if we compare the two following facts i the first is, 
that the magnet never attracts iron, but when in its metallic state ; and that it 
has no action on this metal when calcined, or reduced to the state of an mtide : 
the second is, that iron is universally diffused throughout nature, and in almost all 
bodies more or less distant from its metallie state, as will be seen hereafter. Bodies 
which contain it in its metallic state, are all, or in part, susceptible of being attracted 
by the magnet without any preparation ; but in others, it is not susceptible of attraction 
till it has been burnt with fat matters, which restore it to its metallic state. Such is 
the only cause of the phenomenon which seems to have embarrassed Muschenbroeck. 
It would have occasioned no difficulty, had he been as well acquainted with 
chemistry, as with the other branches of philosophy. 

An English navigator says, he observed that grease, which happened to fall on tbe 
mariner’s compass, disturbed the magnetic needle, and that brass produced the 
fame effect. If tl^ observation be correct, we must conclude that the tallow and 
brass accidentally contained some ferruginous particles ; for in our opinion it may be 
considered as certaiti, that iron alone, in its metallie state, has the power of acting 
on the magnet, and is susceptible of being attracted by it. 

EXFISEIHBNT 7. 

Th dvreetwn of tho Magnolio CwrronU 

' Place an unarmed magnet on a piece of pasteboard, and throw Iron filings around 
it: if you then tap gently on the pasteb^d, you will see all the filings ampga 
themselves around the magnet, in curved lines, wliich, approaching each other likei^ 
meridians in a map of tbe world, meet at its two poles. 

This experiment favours the opinion of those who think that the magnetic pheno- 
mena depend on a fluid, which issues from one of the poles of the stone, mid enters 
at the other, after having circulated around it 
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BXFWMXNT n. 

Wtikfiprom tkai tU Mugut mU Inm Am « muOmd uiifm «n ««dl oilir. 

^ PImm two nuigxiets, or a magnoft and a |deoe of iroD» pa two biti of oorkt ttMdi to 
tat In a bason of water. Hafiag then turned the north pole of the one towiide 
ta ^ the other, proi^bd two magnets are emidoyed^ if the two pieoee 

^ cork be left to themselves, you will see them proceed towards each oiheri the 
we^er rnofing fiuter than the other. The ease be the same, if a Mt of Iron be 
presented to the north pole of the magnet. This attraction then is redprocals and 
H may be said that the iron attracts the magnet, as mimh as the magnet does the 
iron. This indeed must necessarily be the cese, since there is no ection without re- 
action, and as the lattoris always equal to tiie former. 

JBtamfA.-"MuschenhroedL endeavoured to determine in what ratio the action of the 
magnet decreases, according to the distance ; and he thought be observed that its 
attnmtive force decreased in the quadruple ratio, or as the 4th powers of the distances. 
Thus, if at a line distance, a partiele of iron is attracted with a force equal to 1 ; at 
8 lines distanee, that force will be 16 times less ; at 8 lines, 81 times less ; at 4 
linen, 256 times less ; and so on of the rest. This action perhaps deoesaes still 
more rapidly ; for in a ship of war laden with large iron cannon, it is not observed 
that they have a sensible action on the compass. In our opinion, however, H would 
he prudent to remove them to as great a distance as possible. 

ifaU* — fteeent obcer vations shew that the iron in ^ps has a very perceptible action 
on the compass ; so much even; in the British Channel, as a poiai of deviation in the 
direction of the needle having been produced by a change in the direction of the 
ship's head, 

SBCTIOK u. 

0/ th$ Communieation of the Magnetic Prepertg* 

Megnetitm, or the property of attracting iron, and of turning towards a certain 
point of the heavens, is not so peculiar to the magnet, aa to he incapable of being 
oommnnicated ; but no bodies btave yet been found susom^Ue of tbiscommiinioation, 
cseept iron and steel. Aboutn century ago it was believed that contact alone, or 
the eontinoed presence of a magnet, could produce tins effbet; but a method has sinee 
been disoovered to render a pieee of iron magnetic, withont the magnet } and these 
artificicl msgneti are even susoeptible of aeqoiring a strength rarely found in natural 
magnets. We shall give an account, in the following ezpeiiments, of the diflbrent 
m^Oiods of communicating the magnetic virtue. 

xxpBnmxNT vn. 

Method of MagneHoing^ 

' Provide a magnet, either armed or unarmed, and make one of the foot of the 
•rmoiir, or one of the poles, to pass over a plate of tempered steel, such as the blade 
ofakn^,bui proceeding always in the same direction, from the middle, for example, 
towards the peini After performing this operation a certain number of times, the 
plate of iron will he found to he magnetised, and, like the magnet itself it will 
attract iron, |f placed within the sphere eftta attiaetioa. 

The ease will be the same, if along slender bit of steel be left along time attadied 
to a magnet: the steel, by remainiiig in that situation, will aoqdre the magoatiia 
fwpogifi it wQl have poles Mke the msgnet, so that the north pole will be at the 
end mlta was near the eouth pole of the stons^ end the eml trUeh tomfoed iha 
imMt fta wfU tata ta tm# ecfoi* 
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Method 

Wf iitttli bare liiew the method of otuddog, with bmof i«edl,iii artiftdaliiie^ 
itmger iheti aiittiiral one. For tiiii pttfpoee, provide twelve hm of tempered iteel 
ehoot fiiindiei in length, the linee in breadth, end two inthkdtaefi. Cere muit be 
t^en before they ere tempered, to make e mark wHhepmH^ orin any ofoer meaner, 
at one of their eitremitiei. Artenge ik of theaebira in e straight ItM, bat lO aa to 
be in contact, end that the marked enfo shall be directed towards the north ; take 
an armed magnet, and place it on one of theie ham, with iti north pole towards the 
marked end, and the louth pole towarda the other end ; then move the atone over the 
whole line, begiimiiig at the nninarked end of the first, and repeat thk opeiatlovi 
^ree or four times. 

When this is done, remore the two bars in the middle, and substitute them for 
those at the two extremities, which must be placed in the middle ; then move tbe 
atone in die same direction over the four bars in the middle only ; for it is needleu 
to eomprebeod those at tbe extremities ; and invert the whole line, that is to say 
turn up the foce which was turned downwards, and magnetise the bars again in the 
same manner, taking care to transpose the bars at tbe extremities into tbe place 
of the middle ones. 

By these means you will have six magnetised bars, which must be formed into two 
parcels, each containing three. In these parcels the northern extremities must be 
towards the same side ; but when the one parcel is placed upon the other, care must 
be taken that tbe northern extremities of the bars of tbe one may rest upon the south 
extremities of those of the other. These two parcels must touch at their upper 
part, and be separated ou tbe other side ; this separation may be effected by means of 
a bit of wood placed between them. , 

Then place the six bars which were not touched, in the same manner as the pre- 
ceding six, and magnetise them as above described, by means of tbe double parcel of 
tbe former ; that is to say, by drawing tbe two extremities north and south of this 
double parcel over the new senes of bars : you will thus have six bars much more 
strongly magnetised than tbe former. Then make a line of tbe six former, and 
magnetise them in tbe same manner wHb tbe double parcel formed of the second, 
according to the same method, and you will obtain bars of steel capable^of support- 
ing 16 times their weight and more. 

This is tbe process of Mr. Mitchell, fellow of the Royal Society of London. Mr. 
Canton, a celebrated observer of tbe phenomena of the magnet, has given a method 
of effe<^g tbe same thing ; and M. Bubamel, of the Academy of Sdenees, another, 
which may be seen in a small treatise on Artificial Magnets, printed in 1775* We 
shall say nothing farther on this subject, but only remark, that by these processes 
tbe weakest commencement of magnetism is sufficient to produce magnetic bars of the 
greatest force. It is not even necessary to have a magnet ; for, in tbe following 
experimenti we shall describe various methods of commUnicatiiig magnetiim witboul 
one. 


BZPSXIXSNT IX. 

To produce ike urngncHc viriue inmlm o/irout ^oUkcui the uee c/a mupmti 
To propose eommunicatiDg tbe magnetie virtue without tbe use of a magnet ||^ 
no doubt, a sort of paradiax. This liow*ever baa been effected in eoDse^uenee of eeito 
timoretie considerations in regard to tbe nature of the magnet, and tbe mmm % 
wifob the magnetie fluid acts on iron, A magnet tberofbre is not neecimy 
duee tbe eommehcement of magnetiam, wbidimay beaftetwifda in cte a tod id bdoiiil* 
tenbledafraebjtbe process beflare ex|^iised. 
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Canton* MitcbeU* and Antbeaume have given different roetbods for magnetieing 
without a magnet. According to Mr. Canton, take a poker, and having placed it 
between your knees, in a vertical direction, with the point downwards, length- 
wise to its upper part, by means of a silk thread, a small plate of soft tempered 
steel ; then holding this apparatus in the left hand by the silk thread, take a pair 
of tongs, and, holding them almost vertically, rub the small bar from the bottom 
upwards, about a dozen of times, vrith the lower end of them : by these means 
you will communicate to it a magnetic force, capable of making it support a small key. 

Mr. Mitchell employed another method. Place, says he, a small bar of steel in a 
stiaight line between two iron bars, in the direction of the magnetic meridian, and in 
such a manner that they shall be somewhat inclined towards the north : then take a 
third bar, and holding it almost vertically, but with the upper extremity a little 
inclined towards the south, glide the lower extremity of this bar along the three 
other bars situated in a straight line, taking care to make it move from north to 
south : the result will be a commencement of the magnetic virtue in the bar of 
steel. 

M. Antheaume's method is as follows : First fix a board in the direction of the 
magnetic current ; that is, inclined at an angle of about 70 degrees towards the ho- 
rizon, so that its horizontal projection shall make one of about 20 degrees. Then 
place in a line, on Chat board, two square bars of iron, four or five feet in length, or 
even more, and 15 lines in thickness : they must be filed square at the extremities, 
which are opposite to each other. Each of these extremities must be furnished 
with a small square of iron plate, two lines in thickness, so as to project beyond the 
upper face of the bar the height of a line, and filed square on that side, to form 
ai^ve the bar a kind of knee. The three other sides of this square of iron plale 
must slightly touch the corresponding faces, and be cut into a bevel. In the la^st 
place, a small bit of wood must be placed between the arming of the extremities 
of these two bars. 

When every thing is thus arranged, glide the bar of steel to be magnetised, over 
the two knees above described, by making it move gently from one of its ends to 
tbe other, as an iron bar is magnetised, on the two knees of its arming. M. Ari- 
theaurae says, be was surprised to find that he could magnetise, by this method, not 
only small bars of steel, as Messrs. Canton and Mitchell did, but bars of a foot in 
length, and several lines in thickness. 

The same philosopher says, he observed that steel de caumey or d la rose, and 
English steel, are the fittest for this purpose ; that the operation succeeds best with 
the first kind, when tempered hard in tbe usual manner, and that English steel re- 
quires to be tempered in bundles : lastly, that if steel tempered and annealed be em- 
ployed, the temper is a matter of indifference. 

'Even the rubbing of one piece of iron over another is not necessary to 
produce tbe magnetic virtue. It has been observed that a bar of iron, kept for a 
long time in the direction of the meridian, or in a situation nearly approaching to it, 
acquires the magnetic virtue. The steeple of Notre Dame de Chartres having been 
considerably damaged by a great storm in 1690, some bars of iron taken from it were 
found to be magnetic. But wbat is still more remarkable, pieces of these bars, which 
were almost destroyed by rust, formed excellent magnets. The Abb4 de Vallemoiit 
wrote at that time an account of them, which was published in 1692. 

Gilbert, an English physician and philosopher, who wrote a treatise on tbe magnet, 
in 1640, had then observed that tbe small bars of an iron window frame, placed north 
and south, which had remained many years in tbe same position, were become mag- 
netic. He relates also,* that tbe wind having bent an iron bar which supported an 

* Book iii. ehsp. It. 
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ornameitt on the church of St. Augustine, at Rimini, when the monks belonging to 
it were desirous, ten years after, to straighten this bar, they were much surprised to 
find that it possessed all the properties of a good magnet. Muschenbroek speaks of a 
similar circumstance, in regaid to some pieces of iron taken from the tower of Delft. 
We read also in the Memoirs of the Academy of Sciences, for the year 1731, that 
there was at Marseilles a bell which moved on an iron axis, standing in an east and 
west direction, and resting with its two ends on stone ; that the rust of these ends 
mixing with the dust rubbed from the stone, and with the oil used to facilitate its 
motion, formed together a hard and heavy mass, which, when detached, was found to 
possess all the properties of the magnet. It is believed that this bell had existed in 
^ that situation 400 years. 

It will be found, on trial, that iron palisades, which have been some time up, 
are strongly magnetical ; the upper end being a south pole, and the lower a north 
pole.' 

Gilbert observes also, that if a bar of iron, placed north and south, be brought to 
a red heat in a forge, and be then beat on the anvil in the same position, it will ac* 
quire the magnetic virtue; and that if this virtue be not immediately sensible, it 
will become so by repeating the operation. But it is to be observed, that for this pur- 
pose the length of the iron must be 100 or 150 times its diameter. The case is the 
same with a bar of iron, if it be heated, and then cooled in the direction of the 
meridian. 

The following conjecture of this philosopher, however, has not been verified. He 
says that if a spherical form be given to a magnet, and if its two poles be at the 
extremities of a diameter, this spherical magnet, when placed in complete equili- 
brium, and suspended on its poles, will turn round its axis in twenty-four hours; for 
as the earth, adds he, is but a large magnet, it must have a similar motion. This 
would have been a pretty strong proof of the motion of the earth, at least round its 
axis ; but M. Petit, an industrious philosopher of the last century, having taken the 
trouble to make the experiment proposed by Gilbert, the small magnetic globe re- 
mained perfectly motionless. This does not however prevent the motion ot the 
earth from being certain, and it may even be considered as a large magnet, though 
Father Grandamy concluded, from the failure of Gilbert’s experiment, that the earth 
was motionless. 

We add another method of making artificial magnets. Fix the needle to be mag- 
netised horizontally in the magnetic meridian ; and apply to its middle a long iron 
bar, as a poker, held vertically. Immediately opposite, at the lower side of the 
needle, apply the upper end of another similar poker, or iron bar. Then, keeping 
the bars vertical, draw them towards the opposite ends of the needle, drawing the 
upper bar towards the end intended for the south pole. Separate the bars from the 
needle ; and first removing them to a distance, bring them again, as before, to the 
middle of the needle, and, as before, slide them in opposite directions towards the 
ends ; and repeat the operation several times. By this simple process a small needle 
may be magnetised to saturation. 

To preserve bar magnets, keep them in pairs, laid parallel to each other, with their 
poles turned in opposite directions ; and connect each adjoining pole with a piece 
of soft iron. 

When the magnet is made of the horse-shoe form, the poles ought also to be joined 
by a piece of soft iron. 

But magnetism may be imparted by simple percussion. Mr. Scoresby found that 
a rectangular steel bar acquired a feeble magnetism, by being hammered vertically, 
the lower end resting on stone or pewter ; but that it received a qonsiderable acoes- 
sion of power, when it was similarly hammered while it was placed on a parlour 
poker, kept also in a vertical position. The poker itself became stnmghf magnetic; 
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and ifl this state exerted upon the bar a much more powerful influence than the 
earth alone could have done. 

ARTlCtB III. 

Of th§ Direction of the Magnet s and of itt Declination and Variation, 
EXPBRIHENT X. 

To find the Direction of the Magnet, 

Haring found the poles of a magnet, if you place it on a small bit of cork, and 
make the cork to float on water, it will always place itself in one direction. 

The case will be the same with a magnetic needle made to float on water by the 
•ame means, or suspended on a fine pirot, so as to be at full liberty to move : it 
will always assume the same direction. 

To make a needle place itself north and south, it is not even necessary that it 
should be magnetised. When exceedingly light, and perfectly free to move, it spon- 
taneously assumes that direction. 

If a very slender common needle be made to float on the surface of water in a 
state of perfect rest ; at the end of some hours it will be found in the same direc- 
tion as that suddenly assumed by the magnetic needle. 

The direction, according to which a needle, whether magnetised or not, arranges 
itself, is called the magnetic meridiant and must be carefully distinguished from the 
terrestrial or true meridian ; for we shall soon shew that, in general, they form an angle 
with each other. Philosophers agree, almost unanimously, in thinking that this 
property of the magnet is produced by a current of a particular fluid, surrounding 
the earth, and which, passing through the magnet lengthwise, or from one pole to 
the other, makes it assume its proper direction. 

What is very singular is, that not only the magnetic meridian, in almost all places 
of the earth, is different from the terrestrial meridian ; declining sometimes to the 
east and sometimes to the west; but that this declination varies annually, as is proved 
by the following experiments. • 


EXPERIMENT XI. 

If a magnetic needle be suspended on a pivot, in the direction of a meridian line, 
traced out with great care, and at a distance from any iron, you will generally find 
that the direction it takes will form an angle with the meridian. In 1770, for ex- 
ample, it was at Paris 19® 55^ west. 

If the experiment be repeated some years after, it will be found that this angle 
is not the same ; but that it is increased or decreased. In 1750, for example, it 
was at Paris 17® IS' west; in 1760 it was observed to be 18® 45^; in 1770, 19® 55', 
or even 20 degrees and some minutes. And, at London, in 1800, it was about 22® 
dOr ; in 1818, about 24® 30'; and in 1836, about 24®. 

It appears also, that the annual change in the variation has been gradually dimi- 
nishing; from 1622 to 1692, the annual change at London was about 10'; from 1723 
to 1753, about & ; from 1787 to 1795, about d'; in 1818 it was reduced to zero, and 
at London at present the variation is decidedly decreasing. 

Remark , — In the greater part of our continent, as well as in all North America, 
except that part of it whi(^ is nearest the Gulf of Mexico, the declination is at 
present west, and goes on continually increasing. In all North America and all 
the Gulf of Mexico, as well as part of the Pacific Ocean, between the tropics, 
and on the southe;;n coast, the declination is east, and goes on continually decreas- 
ing* 

The celebrated Dr. Halley, having taken the trouole to collect a prodigious 
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number of observations, made by different navigators, publisbed in 1700 a very 
curious chart, in which he connected, by lines, all those places of the earth where 
the declination of the magnetic needle was the same. It is there seen, for example, 
that the line on which the magnetic needle in 1700 bad no declination, divided nearly 
the southern part of the Atlantic Ocean, and cut the equator towards the first 
degree of longitude, or at its intersection with the first meridian; it thence pro- 
ceeded in a curved line to New England, and, traversing New 'Mexico and California, 
stretched to the north of the Pacific Ocean. In all probability it reached Asia, 
then passed to the north of Tartary, and proceeding through China, traversed New 
Holland. On the south and west of this line, the declination was east ; on the 
north and east it was west. 

By other observations, made at a later period, it appeared that this line was dis- 
placed ; and that it bad in some manner a motion towards the south-west, changing 
a little its form. According to those observations collected by Messrs. Mountain 
and Dodson of the Royal Society, it traversed, in 1744, the middle of the Atlantic 
Ocean ; nearly intersected the equator towards the twelfth degree of longitude, to 
the east of the first meridian ; proceeded thence to the middle of Florida ; and 
passing nearly along the coast of Louisiana, it traversed Old Mexico, from which it 
extended to the point of California, then to the north of the Pacific Ocean, and in- 
tersected the first meridian towards the 44th degree of north latitude ; from tvbich 
it turned southwards, and traversed Japan, the litrgest of the Philippines, the king- 
doms of Pegu and Arracan, and formed a point on the east near the island of Cey- 
lon. It then returned, and traversing the Moluccas, proceeded in a curved line 
towards the south pole, leaving New Holland on the west. Such was the position 
of this line in 1744., and thence we may determine nearly its present position. 

‘Dr. Halley’s chart exhibited also the line which joined all the points where the 
declination was 5° to the east or the west; those w^here it was 10°, 15°, &c. It is 
observed, at present, that they have all had a motion nearly similar to that of the 
line without declination. 

Dr. Halley^s object, in this painful labour, was not mere curiosity : he intended 
these charts to be employed in determining the longitude at sea. If an accurate 
chart of these lines of declination were indeed constructed, it is evident that, by 
observing the latitude and the real declination of the compass, the precise point of 
the earth, where the obscrvatioTi was made, would be determined. Let us suppose, 
for example, that the declination has been observed in the Atlantic Ocean, to be 
7^° west, the latitude being 32 north. It is evident, in this case, that the ship's 
place will be the point where the parallel of 32° north, intersects the line of 7i* 
declination. Nothing then would remain, but to improve the means of determining 
the declination with great exactness, which is a thing not impossible. 

It is to be regretted that we ha^e no old observations of the declination of the 
magnetic needle. The reason of this no doubt is, that the declination was not 
properly ascertained by philosophers, till towards the end of the sixteenth century. 
It is seen however by the observations which have been made, that at Paris, at 
London, and in great part of Germany, the declination formerly was east ; for in 
1580 it was found at Paris to be IT SO' east. After that time it decreased till 
1660, when it vanished entirely ; it then became west, increasing continually in that 
direction ; for in 1670 it was observed to be 1° SO', in 1680 to bo 2° 40', in 1701 to 
be 8° 25'; in 1770 it was observed to be within a few minutes of 20°. The Royal 
Society of London recorded their annual observations of the magnetic needle for 
many years ; and it is a great pity that they have of late discontinued such useful 
observations. 

But what is the cause of the magnetic declination ^ On this subject we shall offhr 
the following conjectures. Messrs, de la Hire, senior and junior, made a carious 
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experiment, which may serve to throw some light on the cause of this phenomenon. 
They took a very large magnet, and having given it a globular form as nearly as possi. 
ble, they sought for its poles, which were found exactly at the extremities of a dia- 
meter ; and then they traced out on it its equator, and twelve meridians. On this 
magnetic globe, which was about a foot in diameter, and which weighed nearly a 
hundred pounds, they applied a magnetic needle, and observed that there were 
places where it declined towards the west, and others where it had no declination, 
and which formed one or two continued lines on the surface, as Dr. Halley had 
determined on the surface of the earth, though of a form absolutely different. 

It is more probable, says the historian of the Academy, that the cause of the 
declination observed on the magnetic globe, was merely the inequality of its con- 
texture, and of the magnetic force of its different parts. There is reason also to 
conjecture that the earth, being a large magnet, or at least a globe containing in its 
bosom large magnetic masses, it is the unequal distribution of these masses that 
occasions on its surface the variety of the direction of the magnetic needle. But 
there is this difference, that in the bowels of the earth new masses are continually 
generated ; whereas the magnet of Messrs, de la Hire experienced nothing of the 
kind. Hence it happens that, on the surface of the earth, the direction of the magnet 
is variable; while op the surface of the magnetic globe, it was necessary that it 
should be constant. 

It must however be allowed, Aat in this explanation it is difficult to assign a 
reason why, for two centuries at least, the line without declination has been seen 
to move constantly from east to west. Effects arising from causes so variable as the 
destruction and generation of masses in the bosom of the earth, ought to experience 
greater irregularities, and the progress of the magnetic needle ought to be sometimes 
east and sometimes west. 

Dr. Halley proposed a physical hypothesis, to account foi the variety in the mag- ' 
netic declination. He supposed two fixed magnetic poles, and two moveable, in 
certain positions. But this hypothesis has been simplified by Albert Euler, in a 
curious memoir, which may be seen in the Transactions of the Academy Of Berlin 
for Che year 1757. Euler supposes only two magnetic poles, one at 14** 53^ from the 
north pole of the earth, and the other 29^ from the south pole. The meridian 
in which the former is situated passes through the 258th degree of longitude, and 
that of the second through the S03rd. He then assumes, as a principle, that the 
magnetic needle always ranges itself in the plane passing through the two magnetic 
poles and the place of observation ; and be determines, by calculation, the inclina. 
tion of that plane to the meridian, in the different places of the earth. By means 
of these data, calculation gives, with great exactness, the quantity of the dedination 
observed of late years, and the position of the lines of declination, as they were 
found by Messrs. Mountain and Dodson, for 1774, at least in the Atlantic Ocean ; 
£or Albert Euler is obliged to consider as false the position giveti to the line of de- 
dination, in the north part of the Pacific Ocean, by those members of the Royal 
Bodety, and what he says on this subject is highly probable. 

It may be easily conceived, that by making these poles to vary, the lines of decli- 
nation will vary alto, and that according as they approach or recede from each other, 
they may change their form, as has indeed been observed. 

While engaged in investigations connected with the attration of iron on shipboard, 
Mr. Barlow, of the Royal Military Academy at Woolwich, found that the attraetive 
force of iron on the magnetised needle, depended not upon the mass, but upon the 
mufaee / a shell and a solid ball of the same diameter giving predsely the same 
results. He found however that a certain thickness of the shell is requisite to a full 
development of thh attractive force ; and that when the thickness was less than the 
thirtieth of an Inch, the effect was sensibly weakened. 
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He fonnd aleo that a ball, in the neighbourhood of a compass, produces no disturb* 
Slice in the needle, when the centre of the needle is in any part of a plane passing 
through the centre of the ball, and perpendicular to the direction of the dipping needle 
at the place where the experiment is made. This plane forms what may be called, 
or rather it is parallel to what may be called, the magnetic equator. 

Another plane of neutrality is a vertical plane in the line of the dip, or the mag- 
netic meridian. 

It is not however the whole of the attractive force of the ball that vanishes in 
these planes, but the part only which occasions deviations in the natural position 
of the needle. 


Magnetism of non-ferruginous bodies* 

Nickel and cobalt have occasionally been found magnetic, and sometimes to exhibit 
polarity. Brass also, under certain circumstances, has been observed to be magnetic, 
especially after it has been hammered. 

Copper and zinc, the constituents of brass, have never been observed to be mag- 
netic in their separate state. 

The magnetism of brass has been found sometimes to interfere with the needle in 
compasses. 

Carbon phosphorous, or sulphur combined with iron, increases its susceptibility for 
magnetism ; but there is a limit beyond which an excess of these substances renders 
the compound totally insusceptible of magnetism. On the. other hand a small 
quantity of arsenic has been found to deprive a strongly magnetic mass of nickel 
of the whole of its magnetism. 

Minerals of various kinds, and even some of the precious stones, exert a feeble 
iiiducnce on the magnetic needle ; and late inquiries appear to have established the 
fact that all bodies whatever are, in a greater or less degree, susceptible of mag* 
netism. 

Whether this susceptibility arises from iron being a constituent of all bodies, or 
from the magnetic property being inherent in all, but more decidedly developed in 
one class of bodies than in others, are questions which have as yet received no satis- 
factory solution. 

In the year 1824, M. Arago shewed that if a plate of copper, or of any other 
substance, be placed immediately under a magnetic needle, it diminishes sensibly the 
extent of the needle's oscillations, but ^oes not affect their Individual duration; 
but the needle is brought to rest sooner than when no such substance is placed 
under it. * ^ 

When, instead of the needle being made to oscillate, the plate helow it is made to 
revolve with a certain velocity; the needle is found to deviate from its natural 
position in the magnetic meridian ; the deviation inrreasing as the rotation of the 
plate becomes more rapid ; and if the plate revolve with sufficient rapidity, 
the needle will at length revolve also, and always in the same direction with the 
plate. 

Conversely, when a circular plate of copper, balanced on a point at its centre, was 
placed under a strong bar magnet, to which a rapid rotatory motion was given ; the 
copper soon began to turn in the same direction, and acquired by degrees a very rapid 
plate velocity. 

This tract of investigation has been pursued by many scientific persons, both in 
this country and on the continent ; and the results are in a high degree interesting. 

Mr. Canton, a member of the Royal Society of JLondon, discovered some years 
ago a new m^ion of the magnetic needle, which is founded on. the following ex- 
periment. 
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SXPEBIMENT XIT* 

Diurnal Variation of the Magnet, 

Provide a pretty large magnetic needle, 12 or 15 inches in length, and nicely 
suspended. It must be surrounded by a circle, the centre of which is the point 
of suspension, divided into degrees, and half degrees, or quarters, at least in that 
part of its circumference which is opposite to the point of the needle. The whole 
apparatus must be covered in such a manner, as to prevent it from being subject to 
any impression from the air. 

If this needle be observed at different hours of the day, it will be found that it is 
scarcely ever at rest. According to Mr. Canton, the declination will be greatest 
in the morning, and least in the evening : about noon it will be a mean between these 
two extremes. He assigns also a very probable reason, which is as follows : 

It is a fact proved by experience, that a magnet, when heated, loses a little of its 
force. But as the eastern parts of the earth have noon when the sun rises to us, it 
is at that time, or nearly so, that they are mobt heated. The magnetic needle, (he 
direction of which is, in all probability, an clfect compounded of the attraction of sU 
the magnetic parts of the earth, will at sun rise be a little less impelled towards ihe 
east, than if the sun were not on that side ; consequently it will yield to the action 
of the western parts, and will turn a little more tow'ards that side. Mr. Canton 
even renders this explanation sensible, by means of two magnets, each of which is 
healed alternately. 

But, whatever t<ruth there may be in this explanation, the phenomenon is now 
well known: and meteorologists do not fail to observe, at different times, the 
declination of the magnetic needle, which often varies between morning and night, 
2(f and more.* 

Mr. Barlow, of Woolwich, has devised a mode of rendering the diurnal oscilla- 
tions much more perceptible, by diminishing the ordinary directive power of the 
needle, through the influence of two magnets, so placed with respect to the 
needle as to counteract or neutralize the terrestrial action. The effort of the 
ordinary or overmastering action of the earth upon the needle being thus 
removed, Mr. Barlow anticipated that the cause, whatever it might he, which pro- 
duced the daily variation, would exhibit effects more perceptibly ; and these antici- 
pations have been amply realised by the success of his own experiments, and those of 
his colleague, Mr. Christie, as detailed in several papers in the Philosophical Trans- 
actions. 

The general result of the experiments of the latter is, that the deviation of the 
horizontal needle from its mean position is easterly during the forenoon ; greatest 
about eight o’clock ; thence returning quickly to its mean position between nine and 
ten o’clock ; after which it became westerly ; at first increasing rapidly, so as to 
reach its minimum about one o'clock in the afternoon, and then slowly receding 
during the rest of the day it arrived at its mean place about ten o’clock at 
night. 

Similar changes in diurnal intensity have been observed both by Hansteen at Chris- 
tiana, and Mr. Christie at Woolwich ; and the results, on the whole, accord vefy 
well, though deduced by totally different methods. Mr. Christie says that he found the 
terrettrikl magnetic Intensity the least between ten and eleven o’clock in the morn- 
ing ; between which hours, in this country, the sun passes the magnetic meridian. It 
increases from this time until nine or ten o’clock in the evening, when it again 
decreues, till it obtains its minimum, as already stated. It appeai^s, too, that these 

* 

# » 

* See ** Trait4 de M^^ologic du P. Cotto.*' 
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variations of magnetic position are in some degree connected with the diurnal changes 
of temperature. 

The mean diurnal changes of vaiiaUon have been observed to be greatest in June, 
and least in December. 


SECTION ni. 

Of the inclination or dip of the Magnetic Needle, 

EXPERIBIXNT zm. 

To ohaerve the inclination of the Magnet, 

If the needle of a compass, not yet magnetised, be placed in perfect equilibrium 
on its pivot, so as to remain parallel to the horizon ; and then be touched with a mag- 
net, it will lose this equilibrium, and will dip its northern extremity below the horizon* 

This experiment is well known to those who construct compasses ; for after the 
needle is magnetised, they are obliged to file the heavier end till it be in equilibrium 
with the other The same effect might be produced by loading the other end with 
a smal^ weight, and it would even be of advantage if this weight were moveable ; 
tor as thr n Mumtion is variable, different forces are required to'form an equilibrium 
to the effort made by th^ needle to dip. It is therefore necessary to add a small 
i^eight to u. ' of the ends of the needle, according to the different positions of the 
ship, in order that it may remain perfectly horizontal. 

EXPERIMENT XIV. 

To observe the inclination of the Magnetic Needle, 

Provide a magnetic needle, made cf very straight steel wire, terminating in a point 
at each extremity. The middle of it must be flattened, and formed into a small 
circle, having its centre in a line with the two points of the needle. A piece of very 
fine steel wire passing through tbi^ circle, in a perpendicular direction, must serve it 
as a pivot ; so that when suspended horizontally in two holes, made in two vertical 
plates of brass, it may be indifferent to every position, and remain in equilibrium in 
any situation whatever. These two plates must be affixed to the edge of a brass band, 
bent into a circular form, and of a diameter somewhat greater than the length of the 
needle, the pivots of which will be in the centre. This brass circle must be sus- 
pended in a ring, and one of its diameters must be placed in a vertical direction. 
Divide the inside of it into degrees, and quarters of a degree, if p<>s8ible : but in 
such a manner that the division beginning with zero, at the extremities of the hori- 
zontal diameter, may end with 90 degrees at the extremities of the vertical diameter. 
The position of this diameter may be ascertained by means of a wire and plummet, 
suspended jfrom its upper extremity, and which must pass through the lower 
extremity, that it may be in its true position. 

Provide also a wooden stand in the form of an oblong parallelopipedon, in the 
upper part of which let there be a circular hollow proper for lodging the instrument 
in the direction of its length. In the last place, there must be a small wedge, for the 
purpose of being placed under this stand, till the plane of the instrument, or that 
passed over by the needle in its motion, shall be exactly vertical. 

When the needle has been magnetised, apply to the two sides of the instrument, 
in grooves made for that purpose, two circular pieces of glass, to preserve the 
needle and its pivots from the contact of the exterior air, and firom moisture which 
is hurtful to magnetism. 

By the description of this instrument, it may be readily seen, that it must be dis- 
posed in a vertical situation, either by suspending it or placing it on its supporter, 
'Which may be easily done by means of the wire and plummet. * 
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TIm fkm of tiM Imtnmmd aliOk or iM jmmtd owbf tho oo«dte, mmi he in 
the pkiM of Uit aigaetie aeridian. Forihb porpoee* lay the hutniment dntona 
bonoonteltilde » the needle, when it etopi, wfllindieete the aegottic aeridUui ; then 
daw on the table a line in that direction, and aake the long aide of the anpporter 
eanade with it. By meane of the aniall wedge and the plnab line, it may then be 
a4}usted in the paper poeition. The needle, after very long vibationa, will at 
length atop, and indiate by ita point the number of degreea it ia diatant from the 
plane of the horiion, which will ^ve the inclination or dip deaired. 

By theae meana it ia found that the inclination at Parta ia at preaent 72 degreea, 

Bemarkr I. Though the conatruction of auch an iiiatrument doea not seem diffi- 

cult, it 18 ibewn by eiperienee that it requira a peculiar kind of akill and dexterity, 
which few posaeas. Unlaa the inatrument indeed be perfect, the magnetic needle 
doea not recover ita position when displaced, or when the inatrument ia turned in a 
contrary direction ; that ia, in auch a manner that the plane which looked towarda 
the eaat may look towarda the west. 

II — The inclination of the magnetic needle ia no less vanable than ita declination. 
It ia observed that it is different in different parts of ibe earth ; but itia erroneous 
to suppose, as some pbiloaopbera in the last century did, that it baa any relation 
to the latitude. It is observed, for example, that it is at Paris at present 729 25' 
North ; at Lima, about 18^* South ; at Quito, about 15^ S. ; at Bueiioa* Ayres, about 
COJ® S. ; at the Isle of France, 52}® North. 

This is sufficient to destroy the idea that it has the least relation to the latitude. 

The dip, like the variation of the magnetic needle, has undergone changes, since it 
was first observed. In London, the dip was 73® 20" in 1680 ; in 1723, it was 74® 42^ ; 
since which time it appears to have been progressively, though by no means regularly, 
diminUhing. In 1773, it was 72® 1^; in 1786, 72® 8'; in 1805, 70® 2F; in 1818, 
70® 84' } in 1821, 7CP 3' ; in 1828, 69® 47' ; and in 1830, 69® SS'. At Paris, in 1814, 
M. Bouvard found the dip at the Observatory, 68® SO'; and in June 1829, M. Arago 
found it 67° 4r. Captain Sabine, by comparing the present dip with that observed for 
the last fifty years, concludes that the mean annual diminution may be taken at about 
S' ; and Mr. Barlow finds that both the dip and variation accord nearly with what 
would result from a uniform revolution of the magnetic pole round the pole of 
* the earth— the whole period of revolution being about eight hundred and fifty 
years. 

It would appear, then, both from theory and recent observations, that at present 
the dip is changing more rapidly than the variation ; and Mr. Barlow's suggestion 
would lead to the expectation that they will continue to decrease together till about 
the year 2085, when the longitude of the magnetic pole will then be ISO*, the 
variation nothing, and the dip only 56^, which will be its minimum. They will then 
increase together for the next 260 years, when the needle will have attained its 
greatest easterly variation, and will then fetum northerly, the dip increasing and the 
variation decreasing till about 2510, when the magnetic pole will be on the meridian 
of London, the variation nothing, and the dip 77* 43'. But the whole of these 
anticipations depend on whether the hypothesis on which they are based has any 
foundation in nature ; and this can be determined only by future experiments. 

As observations of the inclination are considered to be of no utiUty in navigation, 
it needs excite no aatonisbment that we have so few. Besides, it is much more 
difficult at sea to observe the inclination than the declination, on account of the 
rolling of the ship. Father Feuillee however made a considerable number of them, 
during hit voyages in Europe and America ; but, according to all appearance, they 
are only within a few degrees of the truth. It is nevertheless to wished that 
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tkeM olMemtloiMi were mon manercmtt foir tbotigli, on ilie riew, tlioj do ndi 
teem of greet ittiliiy, they may become co hereafter. Let at not cease to aceamu- 
late ftots, though in appearance nselesi* Some unexpected light often arises from 
an observation ^ong considered to be frivolous and unimportant* 

III. We n»y remark also, that the motion of the magnetic needle experiences 
very singular variations on the approach, or by the effect, of igneous meteors. A 
needle has been deprived of its magnetic property by thunder, or even magnetised in 
a contrary direction. The Aurora BoresJIs seems idso to have a very senrible action 
on the magnetic needle; but for farthei information on this sulject, we must refer 
to Father Cotte’s ** Traite de Metmrologie.'* 

ARTICLS IV. 

Of certain means proposed for freeing the magnetic needle from its decUnaHon^ or fi/r 
making compasses without declination. 

It would be so great an advantage to have compasses which should point exactly 
to the north, that the attempts made to devise combinations to destroy the declina- 
tion of the needle need excite no surprise ; but unfortunately these attempts have 
hitherto been fruitless, and in our own opinion will always be so. They however 
deserve to be known, were it only to guard our readers against the illusions of those 
who imagine that they have solved this problem. 

One of these inventions is described by Muscbenbroek. It consists in combining, 
for B determinate place, two needles of equal force, in such a manne**, that the one 
may decline on the one side, and the other on the other side, from the magnetic 
meridian, by a quantity equal to the declination. Thus, one of them will decline 
double, and the other will be exactly in the meridian. Let us suppose, for example, 
that the declination is 20 degrees to the west, as it was at Paris in 1770. If two 
magnetic needles of the same force be suspended on the same pivot, foiming together 
an angle of 40 degrees, it is evident that neither of thtm being able to place itself 
in the magnetic meridian, they «\ill equally decline from it: thus the one will decline 
20 degrees to the west of th' i meridian, or 40 degrees from that of the earth ; con- 
sequently, the other needle will necessarily be in the meridian, and will have no 
declination. 

It is astonishing that any one should imagine that a combination of magnetic 
needles, capable of making one of them coincide with the terrestrial meridian, could 
be obtained in this manner. It may be readily seen, that these two needles, if of 
equal force, will always arrange themselves in such a manner, that the magnetic 
meridian will divide into two equal parts the angle comprehended between them. 
Thus, if we suppose that the magnetic meridian, instead of declining 20 degrees 
from the terrestrial meridian, declines only 10 degrees to the west, one of the needles 
will be carried 20 degrees more to the west ; consequently will have 30 degrees 
of declination. At the same time therefore the other needle will be carried 10 de- 
grees from the meridian towards the east. 

The last tianslator of Pliny has given a method, nearly similar, for annihilating 
the declination, and which differs in nothing from that of Muscbenbroek, except that 
one of the needles must be larger than the other. But Muscbenbroek had before 
proposed and analysed this combination of two unequal needles, and it appeared to 
him as unlikely to succeed as the other. It is opposed indeed by the same, or by 
similar reasons, and nothing can rest on slighter grounds, than the physical theory 
by which the author alluded to appears to have been guided ; for he seems to think, 
tut the cause of the declination, is a sort of weakness iq the needle, which does not 
permit it to reach the north. This is an idea not only void of foundation, but even 
incompatible with the most probable theory of the magnetic motion for as the 
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magnetic needle, which during the fir$t half of the 17th century declined to the eait, 
afterwarda approached the north, and passed it, to proceed to the west, it would be 
necessary to say that it was sick ; since it was cured about 1660, and that it after- 
wards got diseased in a contrary direction. We cannot therefore sufficiently wonder 
at the precipitation of some journalists and some authors, who hastened to announce, 
with the greatest eulogiums, this pretended discovery, as likely to change the face 
of navigation. Unfortunately, nothing could be more chimerical ; and a better 
acquaintance with the magnetic phenomena would have preserved both from this 
einror. 

We have seen formerly at Paris a Genoese pilot, named Mandillo, who pretended 
to have found another combination of magnetic needles, proper for correcting the 
declination. He placed two needles of equal force above each other, but in such a 
manner that each of them had full liberty to move ; be then brought them together, 
fer Paris we shall suppose, so that their deviation was double the inclination 
observed ; for in this position they would each diverge by thp effect of the repulsion 
of their poles or points of the same denomination, and so much the more as they 
were brought nearer to each other. By these means, one of the needles, as in the 
preceding process, was carried to the meridian. But the sicur Mandillo pretended 
that this would every where be the case, which is evidently false ; for the deviation 
of the two needles being the effect of the repulsion of the two poles of the same 
name, this repulsion, and consequently the deviation, will be the same, whatever be 
the angle of the magnetic meridian with the terrestrial meridian ; otherwise we 
must suppose that this repulsion decreases at the same time as the declination, which 
is impossible. This objection we mentioned to Mandillo ; but to no purpose. A 
man who imagines he has found the means of correcting the declination of the 
magnetic peedle, or has discovered the solution of the problem of the longitude,* is 
as obstinate in his opinions, as he who thinks he has found the quadrature of the 
circle. 

We shall here mention an idea of M. de la Hire on this subject. It was founded 
on a belief of bis having discovered that the poles of a natural magnet had changed 
their place, as the magnetic poles of the earth bad done at the same time. He 
thence conceived the idea of magnetising steel rings, presuming that their poles 
would change in the same manner. But it may be readily seen that in this case, the 
line marked originally north and south on the ring would remain motionless, and 
would always indicate the real north. This principle however has been found to be 
fidse, and even if true, the consequence deduced from it by M. de la Hire did not 
necessarily follow. 


ARTICLE V. 

Of ceriam Trick$ which may he performed by meann of the Magnet* 

For some years past, the properties of the magnet have been employed to perform 
several tricks, which excited a considerable degree of astonishment in those who first 
beheld them. No means indeed more secret, and at the same time more proper for 
action, could be employed than magnetism ; since its influence is stopped by no body 
with which we are acquainted, except iron. This idea was first conceived by the 
celebrated Comus, who varied, in a singular manner, the different tricks performed 
by this agent ; so that all Paris flocked, with the utmost eagerness, to the places 
where they were exhibited. He was admired by the ignorant, who considered him 
as a sorcerer, while the learned endeavoured to discover the artifice, which however 
was a, profound secret, as long as no one suspected magnetism to be tbe principal 
cause of it. 


In the timo of Montoda, deemed the extreme of absurdity. 
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We sfasU here endeavour to give an idea of eome of these tricks* as they will 
form a fund of rational amusement to those* who know how to perform them. 

SECTION I. 

Conatruetion of a Magic Telescope, 

Those who exhibit these tricks often employ a pretended magic telescope, by 
means of which one can see, it is said, through opake bodies* It is nothing else 
than an instrument in the form of a telescope, at the bottom of which, that is 
towards the object glass, there is a magnetic needle, which assumes its proper 
direction, when the telescope is placed upon the side which that object glass 
forms. 

To construct this telescope, provide a turned tube of ivory, wider towards the 
end where the object glass is placed , but the ivory must be of sufficient thinness 
to admit the light through to the inside. The narrow end is furnished with an eye- 
glass, which serves to shew more distinctly the inside of it. The other end also is 
furnished with a glass, which has the appearance only of an object glass, the pos- 
terior surface of it being opake, so as to serve for the base or bottom of a sort 
of compass or magnetic needle, which turns on a pivot fixed in its centre. When 
the telescope rests on the end containing the object glass, this needle assumes a 
horizontal position, and points towards the north, or towards a magnetic needle in 
the neighbourhood. It is necessary also to have a real telescope, similar in appear- 
ance to the other, in order that it may be shewn instead of it, which may be done by 
dexterously substituting the one for the other. 

When you wish to employ the pretended magic telescope, place it with the 
object glass downwards upon any thing you intend to examine, and if there be a 
magnet, or piece of magnetised iron below it, the needle will turn to that side. 

SECTION ir. 

Several figures being given, which a person has arranged close to each other in a box, 
to tell through the lid or cover what number they form. 

If you are desirous of employing the ten ciphers, take ten small squares, of an 
inch and a half on each side, and on the upper face of each make a groove ; but let 
these grooves be in dififercnt directions ; that is to say, the first intended for the 
number 1 must proceed directly from the top to the bottom ; the second must 
deviate to the right, so as to form an angle equal to a tenth part of the circum- 
ference; the third an angle of two- tenths; and so of the rest; which will give ten 
different positions. Then introduce into these grooves small bars of steel, well 
magnetised, taking care to turn their north poles to the proper direction ; cover these 
grooves and the face of the squares with strong paper, in order to conceal the bars. 
You must also provide a narrow box, capable of containing in its breadth one 
of these squares, and of such a length that they can all be arranged in it. 

Then desire a person in your absence to take several of these squares, and arrange 
them in the box in any manner, at pleasure, so as to form any number whatever, 
and to shut the box; after which you are to tell the number which has been 
formed. 

Deposit your pretended telescope on the place of the first square, that is on the 
left, if the figure below it be unity ; the needle will turn in such a manner that the « 
north point or pole will be before you. If the figure be 4, it will turn to the fourth 
division of the circle, which is equally divided into ten parts ; and so of the rest 
It will thence be easy to discover the figure in* each place, and consequently to 
teUlt 

A word written in secret, with given characters, may be discovered in the same 
manner ; also an anagram, formed of a proposed word, as Roma, which gives amor, 
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mormt ht*\ w quettion wfaieh hM'been lelecM from leTeril pertmm, 

Mud put into tiie box. In ibort, thit trick niny be varied in a great maiiy ivaya» 
exceedingly agreeable, but all depending on the tame principle. 

The box of metala, for example^ ia only a eimilar variation of the fame trick. , 
Yon pat lix platei of difierent metala in a box, and bid a pereon take any one of 
them, and put it into another box, and abut it. You may then eaaily tell which one 
he haa taken. Theae platea are of auch a form, that they can occupy in the amall 
box only one poaition. Each of them, that of iron excepted, containa in ita thick* 
4 teaa a magnetic bar, arranged in aituationa which are known, and theae aituationa are 
diacovered by meana of the pretended magic teleacope ; conaequently the nature of 
the metal muat be known. No magnetic bar ia placed in the plate of iron, becauae 
thia would be uaeleu ; but one aide of the plate may be magnetiaed, or if it be 
not magnetiaed, the indeterminate direction of the n^le will announce that it ia 
irou. 


SECTION in: 

Learned fty, or the Syren, 

Thia trick ia aomewhat more complex than the preceding, and depends partly on 
philosophical principles, and partly on a little deception. You muat provide a table, 
with a box sunk in its thickness, and the box must be furnished ^ith a broad brim, 
inscribed with numbers, the hours of the day, or answers to certain questions. You 
then desire a person to point out a number, or to name any hour in the day, or to 
ask what o'clock it is, or to select any one of certain questions written upon cards 
which you present to him. A fly, a syren, or a swan, floating in water, indicates, 
in their order, the flgurea of this number, or answers the question proposed. 

All this is performed by means of a strongly magnetised bar, supported by a brass 
circle, concealed in the rim of the bason, which contains the water. It is evident 
that if the motion, necessary to point out the letters, or numbers, required for the 
answer, can be given to this bar, the fly or syren, placed on a small boat containing 
another magnetic bar, will proceed towards it, and appear to answer the question. 
Such are the philosophical principles of this trick. The deception ia as follows. 

The table, which ia some inches in thickness, ia hollow, and the cavity contains 
a certain mechanism put in motion by a string, which, passing through the feet of 
the table, traverses the floor, and is conveyed into a neighbouring apartment, sepa- 
rated from that where the trick is exhibited, only by a very slight partition. This 
string terminates at a sort of table, on which are marked the divisions of the baaon ; 
and the whole ia combined in such a manner, that when the end of the string is 
brought opposite to a certain figure, auch as 4 for example, the magnetic bar will 
be under the 4, inscribed on the edge of the vessel. 

When the syren then is desired to tell what o'clock it is, the person behind the 
partition, and who hears the question, has nothing to do but to pull the string, and 
to bring the end of it opposite to the required hour on the table, which ia before 
him. The magnetic bar will arrange itself below, and the tractable syren, beginning 
to move, will go and point out the hour. 

If a question haa b^n selected, the person who exhibits the trick repeats it under 
a pretence of interrogating the syren. The confederate, who bears it, causes the 
magnetic bar to move to the answer. 

It would not be difficult to establish between both a secret communication of such 
a nature, that, vrithout speaking, the syren should appear to guess the question, and 
to give an answer to it « 

The principle works on the magnet are, ** A Treatise de Magnete," by Gilbert, 
an English philosopher, printed in 1688 : it contains traces of that spirit of observa- 
tion whldi has since caused philosophy to make so great a progress. The * Ars 
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Kirober : this it • kind of encyclopedia of eyerything written before 
the aaibor’i time on that tubjoct, enlarged by a great many of bit own ideaa, the 
greater part of which however display more imagination than judgment. The ** Mag* 
netologia** of Father Leothaud, 1668, in 4to: a work of very little importance. 
Father Scarella’a treatise, entitled ** De Magnete,** in four rolumel, quarto, printed 
at Bresda, in 17A8, may aopply the place of all the preceding, as it contains a com- 
prehensive account of everything useful or solid, said or written on the magnet, 
till tliat period ; to which the author, a very enlightened philosopher, has added his 
own ideas. The small treatise on Artificial Magnets, translated firom the English, 
with an historical preface by the translator, will make the reader fully acquainted 
with that part of the theory of the magnet ; or, in want of it, recourse may be had 
to the ** Memoire sur lea Aimants Artificiels,** by M. Antbeaume, which gained 
the prise proposed by the academy of Petersburgh in 1758. Several papers also by 
M. Dutour, inserted in the ** M^moires presents a TAcad^mie, par dcs Sqavans 
strangers, ** deserve to be known, and to be studied, by those who may be desirous 
of cultivating and enlarging this theory. 

To the above may be added an excellent treatise on the subject by Dr. Roget, in 
the Library of Useful Knowledge, and a treatise on the subject by Sir David 
Brewster, in the Encyclopedia Britannica. 
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EL*CTB1CITY. 


PART THIRTEENTH. 

OF KLECTRICITY. 


Electricity it an almost inezhauttible source of singular and surprising phenomena, 
which must excite the curiosity of the most indifferent observer of nature. What 
indeed can be more extraordinary, and at the same time more difficult to be reconciled 
with the known laws of natural philosophy, than to see mere friction excite, in cer- 
tain substances, the power of attracting and lepelling such light bodies as are near 
them ; to see this power communicated, by contact, to other bodies, and even to 
very great distances ; to see fire issue from a body in that state ; and a thousand 
other phenomena, the enumeration of which would be too tedious ? We shall men- 
tion only the famous experiment of Leyden, where a rank of persons, holding each 
'^ther by the hands, or having a communication by means of an iron wire, or rod, 
suddenly receive from an invisible agent an internal commotion, which might even 
be so violent as to kill those who experience it. 

It must however be allowed, that the case has not yet been the same with 
^electricity as with magnetism. The latter, by the invention of the magnetic needle, 
hat served to render navigation more secure, and to discover the new world, a source 
of new riches, new wants, and of new evils to the old one. But electricity has 
not yet produced any thing of so much importance to mankind, and to the arts, if 
we except the analogy now fully proved between the electric fire and lightning : an 
analogy which has given rise to a pretty sure preservative from the effects of that 
dreadful meteor ; for in regard to the cures effected by electricity, it must be acknow- 
ledged that they are either rare, or not well ascertained. 

But we must not treat all researches on this subject as useless ; for when we con- 
sider the phenomena exhibited by electricity, we cannot help allowing that it is one 
of the most general and most powerful agents in nature. Is it possible to deny that 
the identity of the electric fire and lightning is a noble and grand discovery ? What 
can we say of a multitude of other analogies observed between electricity and mag- 
netism, the nervous fluid, the principle of vegetation, &c. They seem to promise a 
copious harvest to those who shall continue to cultivate this fertile field. 

SECTION I. 

O/ the Nature of Electricity ; and the distinction between bodies Electric by friction 
or by communication. 

Electricity is a property which certain bodies acquire by friction, that it to say 
the power of attracting or repelling light bodies which may be near them* If you 
rub, for example, a stick of Spanish wax, with your hand, or rather with a piece of 
cloth, and then make the wax pass within a few lines of smalt bits of paper or straw, 
you will see them rush towards the wax and adhere to it, as if cemented, until the 
virtue acquired by the friction is dissipated* The ancients bad observed that yellow 
amber, when rubbed in this manner, attracted light bodies: hence the name of 
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electricity; for they called that substance eleetrum. But their observations went no 
farther. 

The modems have found the same property in a great many other bodies ; such 
as grey amber, and in general in all resins, which can bear a certain degree of friction 
without becoming soft; as sulphur, wax, jet, glass, the diamond, crystal, the 
greater part of the precious stones, silk, woollen, the hair of animals, and very 
dry wood. 

In regard to bodies which do not acquire electricity by friction, it has been ob* 
served that they can acquire it by communication ; that is to say by contact, or by 
being brought very near to those of the first species ; and that they can transmit it, 
by the same means, to other bodies of the same nature. Those bodies, which cannot 
be rendered electric by friction, are metals, and water, either liquid or congealed 
also earthly and animal bodies. But we must observe that, properly speaking, metals 
and the aqueousfluidare the only true conductors of electricity; and that the rest are 
not so, unless they participate in the metallic nature, or contain more or less moisture. 
Electricity seems even to prefer the metallic bodies, for transmitting itself from 
one body to another. If you place a body then of the latter kind, such as a metal 
rod, or a piece of moist wood, in the neighbourhood of a body, or in contact with a 
body of the first kind, electrified by friction, and with precautions to be mentioned 
hereafter, it will itself become electric ; which may be readily seen by the motion 
it will communicate to light bodies in its neighbourhood. 

All bodies then are susceptible of being electric, but in two different ways : one 
kind ore in some measure electric of themselves, as that virtue can be excited in 
them by friction ; for this reason they are called electric per se : the other kind are 
electric only by communication, and for this reason, they are commonly called 
electric by communication, or non-electric ; but it would be better to call them con* 
ductoTB of electricity i and this is the appellation which we shall most frequently 
employ. 

It may be here proper to observe, that those of the first class are not susceptible 
of receiving electricity by communication, or they receive it in that manner with diffi- 
culty. Hence it happens that, in the experiments we are about to describe, the bodies 
to be electrified by communication, must be placed either on cakes of resin, or be 
suspended by silk strings ; otherwise the electricity produced in them would be im- 
mediately dissipated, by the contact of bodies susceptible of being electrified by 
communication, with which they might be in contact. 

SECTION II. 

Description of the Electric Machine y and of the apparatus necessary for performing 
electrical experiments. 

When philosophers began to cultivate the theory of electricity, they employed 
nothing for the purpose of exciting it but a glass tube, about 3 inches in diameter, 
and from 25 to 30 inches lu length. It was rubbed lengthwise and in the same 
direction, with the bare hand provided it was very dry, or wrapped up in a bit 
of flannel or cloth ; and this tube was afterwards presented to the body intended to 
be electrified. It was in this manner that Gray and Dufay made their first experi- 
ments. 

A globe suspended between two wooden pillars, which was made to revolve 
rapidly by means of a handle or wheel, was afterwards substituted instead of this 
tube : the dry hand was applied to the globe thus arranged, or it was made to rub 
against a cushion : this operation excited the electricity, which was collected aa we 

* It baa lincfl been observed tliat glarn heated till it becomes retl or more, and flame, arc ooBdaeton 
of eleetilaty. On the other hand water, which m its state of fluidity is a conduetor of eleotridty, 
ceases to be so when strongly frosen. 
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nwjr My by meant of a metallic fiinge tuapended in>m the globe, or ditpoaed in some 
other manner. 

These machiiiea were succeeded by one much simpler. It consists of a foot or 

stand A, Fig, 45, upon which are raised two 
uprights, B and c, secured and united at the 
top by means of the circular piece n. These 
uprights must be of a greater or less height, 
according to the diameter of the circular 
glass plate E, placed between them ; for 
the edge of the plate must not approach too 
near the wooden frame, either at the top or 
the bottom. 

This circular plate of glass b, is the most 
essential part of the machine. It has a bole 
in the centre, of sufficient size to admit a steel 
axis, which turns in the two supporters, and 
towards the side c, is continued outwards, where it terminates in a square extremity, 
fitted into a handle, which serves to turn the plate. 

Leather cushions, stuffed with hair, are applied to the supporters on each side, 
both at the top and bottom ; so that the glass plate, as it revolves, is rubbed by 
the cushions to the distance of some inches from its edge. 

On the longitudinal part of the stand is placed a conductor, supported by a glass 
foot in the form of a column. This conductor is a copper cylinder, terminating at 
one end in a ball o, of the same metal, and having at the other end two arms bent 
almost in a semicircular form. At the extremities of these arms are two hemi- 
spherical figures, H and i, which present to the glass plate their circular bases, fni - 
nished unth four sharp steel spikes, all of the same length. The foot of the con- 
ductor can be made to advance or recede on the bottom part of the machine, which 
supports it, in such a manner that the before mentioned spikes can be brought 
nearer to, or removed from, the surface of the glass plate ; for it is these spikes, as 
will be seen hereafter, that attract the electric fluid, excited or put in motion by the 
friction of the small cushions on the circular glass plate. 

When you are desirous of producing electricity, place the machine on a firm table, 
and make it fast by means of screws; then fix tbe conductor in such a manner, that 
the spikes may approach very near to tbe glass plate, and put the latter in motion 
by turning tbe handle. The conductor will almost immediately exhibit signs of elec- 
tricity, either by emitting sparks on the finger being applied to it, or by attracting 
and repelling light bodies placed near it. 

The common electrifying machine, consisting of a glass cylinder, was first intro- 
duced by the Germans, and for ordinary purposes it may still be considered as the 
moat perfect of any. 


Fig, 45. 


T> 



Fig 40. 



This machine is represented at Fig. 46, 
where a b is tbe cylinder of glass support- 
ed upon two pillars b f, which may be 
either of glass, or baked wood, though it U 
not essential that the pillars should be non- 
conductors. They are firmly fixed into a 
stand or horizontal board o B, which may 
either rest on the floor, or be set upon 
and clamped to a table. Rotatory motion 
is given to ths cylinder either by a simple 
winch, as w, or by a multiplying wheel 
fixed to the lower part of the pillar e. 
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And acting by means of a bond on a smaller wheel affixed to the axis of the 
cylinder. 

A rubber represented at m is supported on a pillar b, fastened to the board o H. 
By means of a screw s, this pillar can be brought so as to make the cushion apply 
with sufficient tightness to ^e cylinder. A silk flap n o, attached to the rublMr» 
passes o?er the cylinder. The conductor c d is placed upon an insulating stand, 
and receives the electricity from the cylinder by means of a series of metallic points, 
as at p. 

If the cushion is insulated, a conductor is sometimes applied to it, and while the 
other conductor is electrified positively by the electricity collected from the revolving 
cylinder, that applied to the cushion is at the same time exhausted of its electricity, 
or electrified negatively. 

When only the positive conductor is used, and the cushion is insulated, it is 
necessary that a communication should be established between the cushion and the 
earth, to afiTord a supply of electric matter to be put in action by the cylinder. 


Remark , — Some other instruments are necessary for electric experiments ; but we 
shall here mention those only which are commonly used, reserving the description 
of the rest till we come to speak of the different experiments in which they are 
necessary. 

I. You must be provided with a few stools, either square or circular, covered with 
resin, about 15 or IB inches in breadth : and. the better to ensure thj effect, they 
may be made to rest on four glass bottles or feet. These stools serve to insulate 


the persons or bodies intended to be electrified. 

II. As it is sometimes dangerous to draw out the electricity by the finger, it will 
be proper to have an instrument, called the discharger, which is a circular piece of 
metal, Fig. 47, affixed by the middle to a handle, made of glass 
47. or Spanish wax ; but the first is preferable and stronger. By 

fL touching bodies, electrified in the highest degree, with one of 

the balls of this instrument, sparks may be extracted from them 
lb without danger ; because the glass handle intercepts the pas* 

J sage of the electricity, from the discharger to the person who 

€r holds it. 


III. You must have also a chain of metal, or of several pieces of wire connected 
together. Tliis chain serves for transmitting tbe electricity to a distance from the 
first conductor i ; which is done by suspending it from silk cords, attached to the 


ceiling, or extending it between two supporters. 

IV. It will be proper to provide likewise a long tube of metal, or of gilt paste- 
board, three or four inches in diameter. This tube, having a communication with 
tbe conductor by means of a chain, forms a second conductor, which becomes 
charged with a great deal of electricity, and may be employed in a variety of experi- 
ments. The longer and larger thb tube is, the greater will be the quantity of elec- 
tricity with which it will be charged. For reasons which will be mentioned here- 
after, it is necessary that it should have no points or sharp eminences. 

V. A few glass plates are also necessary, to insulate those bodies which may be 
required to retain their electricity. 

VI. You must provide likewise a few pieces of metal, some pointed and others 
terminating in spherical or round ends ; some affixed to glass handles, and others 
furnished with handles of some substance that transmits electricity, as before men- 


tioned. 


VIL The cushions must be occasionally rubbed over with a kind of MMdgMn 
thich serves to increase the friction. That which appears to answer best, it aa 
tnalgam of tin and mercury, inch as that placed at the back of mirrors, mixed 

3 B 
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with oiM half of dialk or Spaniih whitening, the whole reduced to an impalpable 
powder. 

Such are the prindpal parti of the apparatus necessary for the most common 
dectrie experiments ; to which we shall now^ proceed, beginning with those that 
are simplest. 

■XPSRIMXNT z. 

The Electric Spark, 

Every thing being arranged, as above described, and the air in the apartment 
being dry, put the machine in motion. If a person then present his finger to the. 
conductor, at the distance of two or three l!bes, or more, according to the strength 
of the electricity, two sparks will proceed at the same time, from the conductor and 
the finger, accompanied with a snapping noise, which will even occasion some 
pain. When the person, whom we suppose to be on the floor, touches the coxu 
ductor, it will give no more signs of electricity, because he will then be in com- 
munication with the whole mass of non>electric bodies with which he is in contact. 

If a piece of chalk be placed on the conductor it will be found that considerably 
longer sparks may be drawn from the chalk than the conductor itself; and that the 
sparks are of a zig-zag form ; and are indeed beautiful miniature representations 
of forked lightning. 

BXPKBZUENT II. 

Communicaticn of Electricity to Several Persona. 

Cause the person, above mentioned, to stand on a cake of resin, by which means 
he will be insulated from the floor, and put the machine in motion. This person, as 
well as the conductor, will thus be electrified ; so that all those, not in the same 
state, who happen to touch each other, will elicit electric sparks. 

Twenty persons, and more, may be electrified in this manner, provided they are 
insulated. 


EXPERIMENT HI. 

Attraction and Repulsion, 

Present to the person electrified, or to the conductor, some gold leaf or tin-foil, 
or bits of straw, or paper, or other light non-electric bodies. When at a proper 
distance, you will see them dart towards the electrified body ; but'fs soon as they 
have touched it they will be repelled. If you then receive them on a non-electric 
body, as soon as they touch it, they will return towards the electrified body, and 
will be again repplled ; and so on alternately. 

EXPERIMENT TV. 

Some Electric Amusements, founded on the preceding property. The Oold Euh ; 
the Electric Dance; the Luminous Rain. 

The property which electric bodies have of repelling each other, when in that 
state, and of attracting each other when one of them only is electrified, has given rise 
to several very agreeable amusements, which we shall here explain. 

I. Cut a piece of strong gold leaf into the form of a rhombus, two oj)posite angles 
of which may be very obtuse, while the other two are very acute. Present this 
metallic leaf to the conductor, in such a manner that one of the acute angles shall 
be first raised, and immediately put below it a metallic plate. Tou will then see the 
leaf place itself between the conductor and the plate, and remain in that state aU 
moit motionless. 

Cut leaves of metal of this kind into the shape of the human figure, having an 
acute angle at the top, like a pointed cap, and lay them flat on the plate : if you then 
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place tliem below the conductor, on another plate, you will see them start up, leap 
towards the conductor, then fall down, turning round with more or less rapl^ty, so 
as to represent a kind of dance ; and if the experiment be performed in the dark, 
you will observe luminous aigrettes dart alternately from the head and the feet^ 
which will form a very agreeable spectacle. 

II. Cut a piece of the same gold leaf 'into a figure very nfuch lengthened on one 
side, but on the other much less acute; to this part if you choose you may give the 
form of the head of a fish. It you lay hold of it hy the acute angle, and present the 
obtuse one to the conductor, at the distance of a foot, if the electricity be strong, it 
will escape from your fingers, and will fiy with an undulating motion towards the 
the conductor, above which it will place itself at the distance of the eighth part 
of an inch, turning towards it the obtuse angle. Sometimes it will approach so near 
as to come into contact with it, and will be immediately repelled, forming the repre- 
sentation of a small fish going to attack or bite the conductors. This amusement 
therefore has been called the Gold Fish. 

III. The luminous rain may be produced in the following manner. Suspend from 
the conductor a circular plate, 5 or 6 Inches in diameter ; then provide a metallic 
plate in the form of a saucer, and surround the edge of it with a glass cylinder 5 or 
6 inches in height. Cover this plate with very fine light shavings of metal, and 
place it under the plate suspended from the conductor. When the latter is strongly 
electrified, you will see all these small leaves of metal ascend from the lower to the 
upper plate, and sparkle ; being then repelled to the lower one, they will again 
sparkle, or will sparkle between the plates, when one which is electrified meets with 
one not electrified : by these means the glass cylindet will be filled with a great deal 
of light, which iunll exhibit the appearance of a shower of fire. 

EXPERIMENT V. 

Repulsion between bodies equally electrified^ 

Suspend fiom the extremity of the conductor two threads of any non-electric 
matter ; such as flax, hemp, or cotton, which will bang down perpendicularly, and 
touch each other, if their upper extremities aie in contact. If you then work the 
machine, and produce electricity in the conductor and these threads, you will see them 
repel each other, and form an angle of greater extent, as the electricity is stronger. 
When the electricity decreases, they will approach each other. 

This experiment proves a very important fact in the theory of electricity ; which 
is, that two bodies, similarly electrified, repel each other ; and hence we are enabled 
to explain several electric phenomena and amusements. 

EXPERIMENT VI. 

Construction of an Electrometer, 

By the preceding experiment we are furnished with the means of determining the 
strength of electricity ; and the two threads, above mentioned, may be considered 
as a sort of electrometer. However, as two threads of this kind may be subject to 
various movements, independent of electricity, electricians have almost universally 
adopted the following instrument, which is equally simple. * 

The whole of this machine consists of two small balls, two lines in diameter, made 
of cork or the pith of the elder tree, and fixed to the two extremities of a thread 
capable of conducting electricity. This thread is made to pass over the conductor 
in such a manner, that the two balls hang at the same height. As soon as electricity 
is produced in the conductor, and consequently in the small balls, they diverge from 
each other, and the magnitude of the angle formed by the threads will convey aome 
idea of the intensity of the electricity. We say conveys an idea of this intensity; for 
it is not possible, either by this or any other method with which we are acquainted 
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to determine when the electricity is double, triple, or quadruple, &e. ; but we tre nt 
least enabled to conclude, that one degree of electricity is greater or less than ano- 
ther ; or that two degrees of electricity are equal, according as the divergency of the 
balls is greater or less, or the same, which in general is all that is necessary to be known. 

xxPEBiiCBNT vn. 

To kindle Spirit of Wine by meane of the Eleetrie Spark. 

When a person is electrified, if another standing on the floor approaches him, 
having in his band a spoon filled with spirit of wine, well dephlegmated, and some- 
what heated ; and if the electrified person presents his finger to the spirit of wine, 
or, what is still better, the point of some blunt instrument, or the point of a sword, 
an electric spark will proce^ from the liquor, and set it on fire. 

If the painful sensation produced by the electric spark, could leave any doubt of its 
being real fire, this experiment must be a convincing proof of it- 

EXPBBIMENT Till. 

Properiiee of sharp Points or Spikee, 

Instead of a conductor, such as that above described, (f you employ an angular bar 
of metal, or a bar terminating in one or more pointe ; on approaching your finger to 
one of the angles or pomts, when the machine is put in motion, but not in such a man- 
ner as to produce an electric spark, you will feel something exhaled like a gentle 
breath of wind, and even with a sort of crackling noise. 

But, if the experiment be performed in the dark, you will enjoy a very beautiful 
spectacle; for- when the electricity is strong, you will see luminous gerbes issue from 
the angles of the conductor, and these gerbes will be considerably increased on pre- 
senting your finger to them. 

Tott will discover, at the same time, that the cause of this gentle breath, accom- 
panied with noise, is nothing else than the eruption of the electric fluid, whatever it 
may be, from the electrified body, which rushes towards your finger. Hence it fol- 
lows that it is a body, since it re-acts against another body. It will be found also that 
this dispersing electricity has a peculiar smell. 

It is to be observed, that when the electrified body is angular, it loses much sooner 
the electricity* which has been communicated to it. These angles and points seem 
to be so many spontaneous discharges of the electric matter ; they ought therefore to 
be avoided in b^ies intended to be electrified, and in which you are desirous to main- 
tain the electeidty as long as possible. 

EXPBBZXENT IX. 

Dijfsrence between Pointed and Blunt Bodies. 

Electrify strongly in the dark a common conductor, or any other body whatever, 
not anguku, and when it is strongly charged, present to it a blunt body, such as the 
finger or a spike rounded at the end, holding it so near it as to elicit the electric spark* 
But if yon present to it a very sharp instrument or spike, you will see a luminous 
star formed at the extremity of it, even before it is brought so near ; and if the elec- 
trified body does not every moment receive a fresh supply of electricity, it will thus 
soon be deprived of it* 

If this spike be supported by a cake of resin, it will itself become electrified ; but 
the electricity of the conductor will not be entirely destroyed. 

It appears from this experiment, that if the luminous gerbes, in the i^eoeding one, 
are fbmed by a matter which flows oflT from the electrified body, the case in the pre- 
sent instance is contrary : they are formed by a matter which throws itself towards 
the point presented to the decided body. What indeed can be said when we observe 
a non-electrified body become so by this method ; but that the electric matter, fire, 
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or ftuklf wbotever it be, proceeds f^om tbe electrified body to aDotber, especially as 
it is certain that tbe former thereby loses either the whole or a part of its electricity, 
according to drcumitances $ that is to say, according as the other stands on the floor, or 
is insnlated ? 

But however this may be, the following is a lingular and remarkable property of 
pointed bodies. The extraordinary use which Dr. Franklin made of it will be 
shewn hereafter. 

KXPERIMXNT X. 

Method of knowing whether a body he in a state of Electricity > 

When two bodies are equally electrified, if they be brought into contact with 
each other, no sign of electricity will be manifested between them, by sparks or any 
electric emanation. 

This may be easily proved ; for if a person decirified by touching the conductor, 
gives his hand to another electilfied in the same manner, there will be no spark. 

These two persons, however, may know that they are electrified by the following 
sign. Let each of them take in his hand a thread, made of any non-electric substance, 
or a cork ball suspended from such a thread $ if these two balls or two threads repel 
each other, it may be concluded that tbe persons are in an electric state. 

EXPERIMENT XI. 

Distinction between the two hinds of Electricity, 

Provide two electric machines, one of them constructed as they were formerly, 
that is, with a glass globe, and the other with a globe of sulphur instead of glass t if 
a conductor be then electrified by each of them at one of its ends, you will see with 
astonishment, if the machines are moved with equal velocity, that scarcely any sparks 
can be extracted from the conductor. Tbe case certainly would not be the same, if 
the conductor were electrified by means of two glass globes at the same time, or 
with two globes of sulphur *, the sparks would be much stronger than if one globe 
had been put in motion. 

Remark, — This experiment, which Dr. Franklin says he made at the request of his 
friend Mr. Kinnersley, seems to me to leave no doubt in regard to tbe difierence be- 
tween electricity communicated by glass and that communicated by sulphur ; and 
consequently establishes tbe distinction of vitreous and sulphureous or resinous 
electricity ; a distinction before asserted by Dufay. 

Dufay indeed had observed, that though two bodies electrified by glass or sulphur 
mutually repelled each other, yet when one of them was electrified by tbe one of these 
substances, and the other by the other, instead of repelling they attracted each other. 
We do not think that any stronger proof of the two states can be desired. 

If to this be added the above experiment of Dr. Franklin, how can we elude the 
consequence which he and Dufay deduce from it ? For, it is well known that two 
bodies equally electrified by a glass globe, may touch each other without producing a 
spark, and without tbe electrical virtue being diminished in either of them. Since 
these bodies then electrified, one by the glass and the other by the sulphur, mutually 
destroy each other’s electricity, the one must be of a nature contrary to tbe other, 
and entirely diflbrent. 

Some able philosophers, however, notwithstanding these reasons, persist in reject- 
ing this distinction } but in our opinion they labour under the influence of prejudice, 
or, being seduced by peculiar ideas, keep thek eyes shut against the light. We are 
inelined to think, that if the Abb4 Nollet bad not previously formed his system bn 
electricity, he wotidd have adopted the distinction of the two kinds. 
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However, m this is the proper place, we shall here give an idea of Dr. Franklin's 
tystom in regard to electricity. According to this celebrated philosopher, all bodies in 
their natural state contain in their substance, or on their surface, a certaiu quantity 
of a fluid, which is the electric fluid* The air, which when dry is not a conductor of 
electricity, prevents its dispersion. But the friction of certain bodies, glass for 
example, collects on the surface of them a greater quantity of the fluid ; so that if the 
glass be in contact, or very near to a body electric by communication, such os a mass 
of iron, the fluid accumulated on the sur^e of the glass tends to pass into the mass 
of iron, in order to preserve an equilibrium. By these means this mass acquires a 
greater quantity of the electric fluid, and is then electrified positively^ But if the 
electric ^y, instead of acquiring by friction a greater quantity of the electric fluid, 
loses some of what it bad, as is the case with sulphur, the body in contact with it will 
lose a part of its own natural electricity, and will then be electrified negatively. The 
one will have more electric fluid than it has in its natural state, and that of all the 
bodies which have a communication with the earth ; the other will have less. Such 
is the nature of positive and negative electricity. 

It must, however, be allowed that it does not clearly appear how friction should 
accumulate, on the surface of the rubbed body, a greater quantity of the electric 
fluid. It is not even known whether the effect of friction is to accumulate the fluid 
on the glass, or to diminish the quantity of it ; whether it lessens it on sulphur and 
resins, or increases it. Hence it is uncertain which is the positive and which the 
negative electricity ; hut we know beyond a doubt that their effects are contrary, and 
this is sufficient. Several reasons, however, make it probable that the electricity pro- 
duced by the friction of glass, is the positive or accumulated electricity. 

Notwithstanding this uncertainty, Franklin's theory has a great advantage over that 
of the Abbe Nollet. The latter supposes a matter diffused throughout all bodies, 
and even in the atmosphere, which with all other electricians he calls the electric 
fluid. In this he agrees with Dr. Franklin ; but he thinks the effect of friction ii to 
make this fluid sometimes issue from the pores of the body rubbed, and sometimes to 
attract it. Electricity therefore, or the electric fluid, is sometimes effluent and some- 
times affluent ; and it is by means of this effluence or affluence that this philosopher 
explains all the phenomena of electricity. But the great defect of this system is, 
that every thing in it is, as we may say, arbitrary. What cannot he explained by the 
affluent fluid, may he explained by the efliuent. These are the different matters of 
Descartes, or his subtle matter, which may be applied to everything. On the other 
hand, in the system of Franklin, the effects are much better connected with the causes, 
even supposing them hypothetical. Why does a spark issue when a body, positively 
or negatively electrified, is brought near to another which is in its natural state ? 
The answer is easy. The electric fluid accumulated on the one side, and extended 
in the form of an atmosphere, as it were, on the surface of a body, puts itself in 
equilibrium, when it comes in contact with another electric atmosphere less condensed : 
the fluid divides itself equaUy between the two bodies ; which cannot be done with- 
out an exceedingly rapid movement that produces light. But what is most remark- 
able in the hypothesis of Franklin, and is almost the touchstone of truth, is, that 
even the bare description of the simplest experiment, to those who have properly 
comprehended this hypothesis, is suffident to enable them immediately to guess 
the result. The case is not the same with the system of the Abb^ Nollet : 
none of the effects about to be produced are foreseen, and if every thing be 
e:q>lained, it is because no effect is connected with its cause. Had the phenomenon 
been quite contrary, ^t might have been explained with the same ease : effluence 
could be employed instead of affluence; oneb the remedy or supplement of the 
other. 
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We must howerer acknowledge, that there are tome facts difficult to be recon* 
riled with the motion of the electric fluid, which is a necessary consequence of 
Franklin's system. 

For eiample, when the Anger is brought near to a body, electrified either positively 
or negatively, why do we see a double spark proceed firom each of these bodies? 
It would appear that it ought to proceed only from that which is endowed with 
positive electricity. 

In a certain experiment, in which a quire of paper is pierced by the electric spark, 
why is the rough edge of the hole turned in a direction contrary to that in which 
it ought to be, if the fluid accumulated on the sur&ce of the electrified body were 
the only one that proceeded to the body negatively electrified ? We shall omit 
several others, which have been remarked by the partisans of the khhi Nollet, and 
only observe that there is still reason to suspend our opinion on the mechanism of 
this phenomenon. 

EXPBBIHXNT XII. ^ 

The Leaden Flashy and Shock, 

There is not perhaps in natural philosophy a phenomenon more astonishing than 
that which we are about to describe. Provide a flask of very thin white glass, with 
a long neck, and fill about two thirds of it with water, or metallic filings, or raspings 
of lead. Close it with a cork stopper, and introduce into it, through the cork, an 
iron wire, so as to be immersed with one end in the water or filings, while the other 
projects some inches beyond the coik, and terminates in a blunt or crooked extre- 
mity. 

When the flask is thus prepared, lay hold of it by the belly, and present the iron 
wire to the conductor of the electrifying machine while in action. By these means 
the flask will be charged. While the wire is in contact with the conductor, if you 
then endeavour to touch the latter, or the iron wire, with the other hand, you will 
experience throughout your whole body a violent shock, which will seem to aflfect 
more particularly, sometimes your breast, sometimes your shoulders, and sometimes 
your arm or wrist. 

The same efiect will be experienced if you retire, holding the bottle by the 
belly with one hand, and touch the iron wire with the other. 

Nay, a chain may be formed of as many persons as you choose, holding each other 
by the hand, and without being insulat^. The first person holds the bottle in his 
band, or only touches it, while the iron wire is in contact with the conductor ; 
and the last touches the conductor ; all those who form the chain will experience 
the before-mentioned shock at the same instant. When the flask is of considerable 
siase, and has been well charged, the shock is sometimes so violent, that those sub- 
jected to it suffer a momentary loss of respiration. The celebrated Muschenbroek, 
to whom M. Cuneus exhibited this phenomenon, which he had discovered by acci- 
dent, received, according to every appearance, a violent shock $ since in announcing 
it to the French philosophers, he protested that he would not expose himself to it 
a second time for the whole kingdom of France. It is however probable that he 
afterwards became bolder. As this singular experiment was first performed at Ley* 
den, it is generally called the Leyden experimentt and the bottle, so prepared, is di^ 
tinguished by the name of the Leyden fiaek or phiaU 

The French philosophers once formed a chain 900 toises in length, by means of 
300 persons, all connected by iron wires ; and all these persons experienced the 
shock at the same instant. Another time they tried to transmit the shock along 
an iron wire 2000 toises in length, and the experiment succeeded, though the wire 
passed over the wet grass, and newly ploughed land. In short, they comprehended 
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in the dudn the witer in the grand baton of the TuiUeriet, It nearly an eere 
in extent, and the ihodc wat irantmitted rery well aeroet it. 

jRemarki* — I. As tome inconvenience resulted from the weight of the water or 
filings, put at first into the flask, the idea was afterwards conceived of covering the 
inside of it with a metallic coating. This may be done in several ways. The most 
simple is to pour into the bottle strong gum water, and to moisten with it the part 
int^ed to be coated. The superfluous gum water is then poured out, and very 
fine copper filings are put into the bottle ; these filings adhere to the gum water, 
and form an internal coating, which must be in contact with the iron wire, that the 
bottle may be charged. 

The efiect of the Leyden flask may be increased also by covering a great part of 
the outside of it with tin-foil. 

II. The flask may be charged in another manner, that is to say, externally. For 
this purpose, hold it suspended in the one hand by the hook or iron wire on the 
outside, and bring the outside into contact with the electrified conductor. If it be 
then touched on the outside with the other hand, you will experience a shock. You 
may form, in like manner, a chain of several persons, the last of whom, or the one 
forthest distant from the person who holds the iron wire, by touching the outside of 
it, will produce the same phenomenon throughout the whole chain. 

III. Dr. Franklin observed the following very singular circumstance, which takes 
place in performing the Leyden experiment : if you are desirous of charging the in- 
side of the jar or flask, the outside must communicate with some body which is a 
conductor of electricity ; for if the flask be placed on a cake of resin, it will be in 
vain to electrify, by the conductor of the machine, the wire which touches the water 
or metallic coating in the inside : the flask will not become charged. Is it necessary, 
before it can be charged, that in proportion as the electricity is accumulated on one 
dde, it should be diminished on the other? This is the conclusion which Dr. Frank- 
lin forms, and which appears indeed to be agreeable to reason. But how is it that 
the electric fluid is expelled from one side, while the other becomes more highly 
charged with it ? This appears to us to be a considerable difBculty. 

IV. The jar seems to be impermeable to electrieity, at least when cold, or when 
it has only the temperature of the atmosphere. Dr. Franklin once tried to grind 
away the belly of^a charged flask, which was of the usual thickness. He ground 
down I of its thickness, without its being discharged, which would have been the 
case if the fluid in the inside had communicated with that on the outside. It is to 
be wished that this philosopher had continued to diminish the thickness, until a dis- 
charge bad taken place. 

But when the glass is dilated and softened by a beat which brin^ it nearly to a 
state of fusion, it then not only becomes a conductor of electricity, but the charged 
jar discharges itself spontaneously. 

V. If a chain, suspended from the conductor, be introduced into the flask while 
held in the hand, it becomes charged in the like manner ; but if the flask be lowered 
in such a manner, as no longer to support any portion of the chain, it then gives no 
more signs of electricity. 

There is reason thence to conclude that the electricity with which the inside 
ci the bottle is charged, ought to have for its support some non-electric matter, or a 
conductor of electricity. It would be in vain to attempt to charge an empty bottle, 
or. a bottle not covered in the inside with a metallic coating. 

VL If the inside of the bottle be charged, making it communicate by tbs hooked 
wire with a conductor positively electrified, the outside will then negatively 
electrified ; for the outeide will attract the small ball of cork suspended from the 
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eondtictor, while the book of the Hask repels it. But it is well known tbai an elee* 
trifled body repels another electrifled like itself; it attracts only bodies not electri- 
fied, or electrified in a contrary sense. Since the outside of the bottle then, elec- 
trified by the hook, attracts the small ball of cork, the electricity of whidi is of the 
same nature as that of the conductor, or of the inside of the jar, the exterior elec- 
tricity must be of a nature entirely different. 

Vll. If you hare two equal flasks, equally charged, and in the same manner, and 
if you then bring them near to each other, so as that the hooks or the sides of them 
be in contact, they will not be discharged ; but if you apply the hook of the one 
to the side of the other, a discharge will immediately take place. 

If one of the flasks be charged by a globe of sulphur, and the other by a globe 
of glass, if the hook of the one be then made to approach the hook of the other, or 
the side of the one the side of the other, they will be disdiarged. 

VllL If sereral persons, instead of holding each other by the hands, present to 
each other the tips of their fingers, at the distance of one or two lines, at the mo- 
ment when the last touches the conductor, you will observe between all the fingers 
an electric spark, and each will experience a shock. 

IX. If the persons, instead of holding each other by the hands, form a communi- 
cation with e^ other by holding glass tubes filled with water, and stopped with a 
cork, through which passes an iron wire immersed in the fluid, and which is in con- 
tact with each person, at the moment when the last person touches the conductor, 
or the wire immersed in the flask, you will perceive a train of light in the water 
in each tube, which will be wholly illuminated by it. 

X. The chain being formed, if one or two or more persons form a new one, con- 
nected on one side with those who form the first chain, and on the other side with 
another person of the same chain, those of the latter will experience nothing ; the 
electric fluid seems to proceed from one end to the other of the first chain, by the 
shortest route. 

XI. Some beautiful effects of colour may be obtained by passing the shock 
through different sorts of wood. And if the shock be passed through a lump 
of sugar, or over a piece of chalk, they will, in the dark, exhibit a sort of phos- 
phoric illumination for some time. 

EXPERIMENT XHI. 

Another method of giving the shocks nemeig, by an electric pane of glaee.^To pierce 
a quire of paper by the electric eparh. 

Does the singular effect observed in the preceding experiment depend on the figure 
of the Leyden jar, or merely on the nature of the glass ? This question, which 
naturally occurs, is answered by the following experiment : it proves that the effect 
alluded to depends entirely on the nature of the glass. 

Take a pane of glass of any dimensions, and cover both sides of it with tin-foil, 
leaving on each side a border of the glass uncovered ; place the glass horizontally on 
a non-electric supporter, and make the chmn of the conductor to fall on its surfoce. 
If you then put the machine in motion, the glass will become charged like the Ley- 
den flask : that is, if resting one side of the discharger on the upper surface, the other 
he applied to the lower one, you will extract a strong and poweifol spark. If the 
glass be large, it will be dangerous to touch one of the surfoces with the one hand, 
and the other with the other. 

If you are desirous to pierce a quire of paper with the electric apiurk, you mini 
proceed as follows. Extend a piece of iron wire on a table, and place over it the 
pane of glass, so that the end of the wire shall toudi the coat^ of the lower 
side } on the upper coating place a quire of paper ; then electrify the upper surface by 
means of the <^ain of the conductor, which must be made to fall upon it. When 
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you think the eleetrkity it rery itrong, bring one of the ends of the ditidiarger into 
contect vdth the wire, and apply the other end to the paper. A yery strong spark 
iinUitsttefrom it, with a noise like the report of a pistol ; and the quire of paper will 
be pieroed through and through. 

If the experiment be made with a piece of glass of about 35 inches square, 150 
i^ieets of paper, and even more, may thus be pierced. 

A very remarkable circumstance will be noticed in making this experiment. 
There wiU not be an indentation on one side of the paper, and a protrusion on the 
other, but a protrusion on both sides ; as if the electricity had passed out of the 
paper on both sides. 

This method of performing the Leyden experiment is attended with the advantage 
of greatly increasing its effect ; for the surface of the largest flask can contain no 
more than two or three square feet. But a plate of glass, 36 inches in e very direc- 
tion, contains 9 square feet, and the effect is thereby increased in the same propor- 
tion. 

It may be easily seen, that, in performing this experiment, you must take care 
not to stand in the circle between the upper and lower surface, otherwise you might 
run the danger of being killed. 


EXPBBIMENT ZIV. 

Jfeofu of tncreoiingf ai it were indefinitely t the force of electricity, •^The Electric 

Battery, 


A single flask, charged with electricity, does not produce a very great effect ; but 
this effect is increased according as the volume of the jar is augmented. It would 
however be inconvenient, and perhaps impossible, to obtain jars beyond a certain 
size ; for this reason several jars have been substituted in the room of one ; but 
the united effect of them is exceedingly dangerous, unless great precautions are 
employed. 

For this purpose, instead of long-necked flasks, several large cylindric jars, of a 
much greater length than breadth, must be employed. It is not necessary how- 
ever that their diameter should be very great, l^cause cylinders of a small diame- 
ter have, in proportion to their solidity, a greater surface, and surflice is what is 
required to be increased. They are lined on the inside with a coating of tin-foil, 
which covers the bottom and sides to within two inches of the brim. And they are 
coated, in the same manner, on the outside : after which, they are arranged dose 
to each other in a box, lined also in the inside with tin foil and copper filings. The 
tin-foil communicates with a wire ring projecting from each jar, to these rin^ 
is attached the chain, by means^ of which a communication is established between 
any body and the exterior part of the battery. 

To establish a communication with the inside of the jars, a piece of iron wire, 
twisted at the lower end, and terminating at the upper end in a ring, must be 
made to pass through the cork stopper of each jar, so as to descend to the bottom 
of it. A metal rod, having a ball at each end, passes through all the rings of the 
same row : and, to establish a communication between the rods, the chain of the 
conductor is made to rest on them ; in consequence of this arrangement, you may 
charge, if necessary, only one or two rows of the jars, by 
^ making the chain to rest on one rod only, or on two, Ac. 



Such is the construction of an electric battery, the repre- 
sentation of which, supposing it to consist of only nine jars, 
each 15 inches in height, 3 inches in diameter, and containing 
12 inches of coated sur^e, which gives altogether 6} square 
feet, is seen Fig. 48. A similar battery of ‘64 jars would give. 
46 square feet, and yet form only a box of two feet some inches 
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M|ii«re» and from 15 to 18 inches in height The effect of such a batterj would be 
prodigious. 

The method of using this apparatus is as follows. To charge the jars, make the 
chain, which proceeds from the conductor of the machine, to rest on the rode, and 
turn the glass globe or plate for some time. Experience will shew how many turns 
of the machine will ,be necessary for this purpose ; if the jars are over-charged, 
they will discharge themselves with a loud report. When they are in the proper 
state, if you wish to discharge them, nothing is necessary but to lay hold of the 
chain, which communicates with the outside by means of the discharging rod, and 
to bring the end of it into contact with the conductor ; a strong spark will be elicited, 
and the jars will be discharged. 

If a person, holding the end of the chain, should touch with his finger, either 
the conductor of the machine, or one of the rods which touch the inside of the 
jars, be might be killed in consequence of the terrible shock he would experience. 
If a flask indeed, 5 or 6 inches in diameter, strongly charged, give by its discharge 
a violent shock in the arm and breast, we may form some notion of the effect 
which would he produced by the discharge of 12, 15, 20, 30 or 50 square feet. 
Electricians therefore ought to be very attentive to themselves, and to the specta- 
tors, for fear of some fatal accident. 

All philosophers, who perform electrical experiments on a large scale, have at pre« 
sent a similar apparatus, of greater or less size. It is by these means that they fuse 
metals, which can be reduced even to a calx ; that they communicate the magnetic 
virtue to a needle, or change its poles, or imitate the effects of thunder, and so on, 
as will be seen hereafter. 


EXPERIMENT XV. 

To kill an animal by means of electricity* 

Affix the chain, which communicates with the outside of the battery, to one of 
the animal's feet ; and then with the discharging rod form a communication between 
the animars skull and one of the rods that communicate with the inside: the animal, 
if it be even a sheep or perhaps an ox, will be struck dead. 

Remark,’--lt has been observed that the flesh of animals, killed in this manner, b 
immediately fit for being eaten : for the shock which kills them is similar to that of 
lightning, and it b a well known fact that animab killed by lightning pass very 
speedily to a state of putrefaction. Tbb artificial lightning might therefore be em- 
ployed to kill those animals which are intended to be immediately used as food : 
they will be what is called mortified in a minute. But as the operation is danger- 
ous, Dr. Franklin humorously advises philosophers to be on their guard, lest in at- 
tempting to mortify a pullet they should mortify their own flesh. 

• 

EXPERIMENT XVI. 

Production of Magnetism by Electricity. 

49. Provide a steel needle, like that of a compass, some inches 

^ in length, and place it between two plates of glass, so that its 

Zmimir two ends, A and b, shall project a little beyond them. Then 

make one of its ends a communicate with the conductor of the 
electric machine, or any one of the transverse rods of the ebctric battery ; charge 
the battery strongly, and discharge it through the needle by means of the discharging 
rod, bringing the end of the chain, which communicates with the outside of the jars, 
to the end b of the needle. All ibe electric fluid will pass through the needle, en- 
tering by the end a, and issuing at n ; and the needle will then be magnetiied in tueb 
a manner that the end a will turn to the north. 

When a needle has been magnetised, if the end a be turned towards the north. 
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performing a contrary operation, that it to tay, making ike electric fluid past front 
B to A, ike needle be un.magnetited ; and by repeating tke tame operation H 
will be magnetited in a contrary lente ; tkat it, in tuck a manner that tiie end a wfll 
turn to tke nortk. 

It may be readily conceived, tkat tbit will depend on tke quantity of tke electric 
fluid* If it be lets in tke second operation tkan in tke first, tome small portion 
of magnetism may remain ; if it be muck more considerable, tke poles may be changed 
by the first shock. 


BXPBBDtBNT XTIZ. 

7b Fuae MeiaU by meama of EUetrieity. 

This experiment is one of tke most curious tkat are performed by electricity. 
Take an iron wire half a line in diameter, and suspend from it a weight of about 6 
pounds ; then by means of a battery, consisting of from 16 to 25 jars, make the 
electric fluid pass along it ; tke wire will immediately stretch itself, and sometimes 
will break. But this could not be tke case, were it not softened or mollified in some 
pert of its extent. 

Another Method* — Take a piece of very thin gold leaf, and having cut it into a 
slip of two inches in length, and a line in breadth, put it between two plates of glass, 
very dose to each other ; then place these plates in such a manner as to form part 
of the electric circle of a strong battery, consisting of 50 or 60 jars. The gold leaf 
will pass through the state of fusion ; and what proves it is, that several of its parts 
will be incorporated with the glass itself.* 

But if you place between the glasses and the gold leaf two bits of card, and 
squeese the plates of glass closely together, the electric spark made to pass, as 
al^ve, through tke gold leaf in the direction of its length, will reduce it, in a great 
measure, into that kind of purple powder, known in chemistry under tke name 
of the precipitate of Caaaiua ; b^use this preparation was first invented or simpli- 
fied by that chemist. The two cards will be dyed of the same colour, which may 
be heightened by repeating the operation with new bits of gold leaf. 

Silver leaf treated in the same manner gives a powder of a beautiful yellow 
colour. 

Copper leaf gives a green powder. 

Tin-foil gives a white powder. 

Platina, treated in this manner, is reduced, after repeated shocks, to a blackish 
powder, which when applied to porcelain produces a dark olive colour. 

In short, we are assured, by different chemical proofs, that these calces are exactly 
the same as those produced by longer processes. 

For these experiments we are indebted to M. Comus, so celebrated for bis industry 
and address, and who united to the most extraordinary |plentB in this way the most 
profound knowledge in different parts of philosophy. A circumstantial and truly 
interesting detail of them may be seen in the “ Journal de Physique ** for the year 

ma 

XXPEBIXXNT XVm. 

' Which pTOvea the identity of Lightning and the Electrical Sparh* 

On a high insulated place, suck as the summit of a tower, fix in a vertical direc- 
tion an iron rod, terminating in a very sharp point. The higher this point is in the 
atmoAphere, the better will the experiment succeed. This bar iqust be supported 
by some base to insulate it firom every body capable of conducting electricity. 

* We have seen ibis eflboted by a battery fomed of foot yliial glasNS* eaeb about two fawbes 

bl dlaniitsr» ssB sfiht lariWs bf|h* 
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Then wait till a atonn takea place, and when a thunder doud paaaea oyer the rod, 
'or near it, touch it with an iron rod attached to a glaaa handle. You will not fail 
to extract sparka from it, aometimea very large, and accompanied with a loud noiae* 
It will be dangerous however to approach too near it ; for the rod ia aometimea ao 
hif^ly diarged with electricity, that the sparka proceed to the distance of some feet, 
and make a noiae like the report of a pistoL Mr. Richman, profesaor of mathematics 
at Petersburgh, and member of tbe Imperial Academy of that city, fella victim, aa ia 
well known, to an experiment of this kind ; for in a moment of forgetfulness, having 
approa<^ed too near the machine, he was struck dead, and all those eiffecta observed 
in persona killed by lightning were seen on his body. 

This accident baa induced some philosophers, who study electricity, to arrange their 
machine in such a manner, that it can never become too much charged with electricity. 
For this purpose, they place at some distance from the rod a piece of sharp point^ 
metal, which communicates with the door or the mass of non-electric bodies. This 
point, when the electricity is moderate, will attract none of it ; but when very strong, 
it will draw it off, as we may say, and discharge it insensibly ; so that it will accumu- 
late only in such a moderate quantity as to be incapable of doing michief. The nearer 
tbe point is to the rod, the more it will absorb of the electricity. 

By its means it may be known in obscurity whether the cloud be electrified posi- 
tively or negatively ; for in the first case you will observe at the point a simple lumin- 
ous star, or very short gerbe ; in the second, you will observe a large and beautiful 
gerbe. 

It is customary also to place near the bar a metal ball suspended by a silktnread; 
and, at a little forther distance, a bell communicating with the body of the building. 
The use of this apparatus, is to inform the observer that the bar is electric; for at 
the moment when it is charged with electricity, it attracts the ball which possesses 
none, electrifies it, and propels it agidnst the bell ; the sound of which announces 
that the electric cloud has produced its effect. The degree of the electricity also is 
indicated by the same means ; for if it be very strong, the vivacity of the ringing is 
proportioned to it, and the observer is warned to be on his guard. 

This experiment, without either a tower or a terrace, may be performed in a 
chamber. Nothing will be necessary but to place in the chimney a bar of iron, in- 
sulated by means of silk strings, which keep it firm on every side. The point of ibis 
bar must rise some feet above the top of the chimney : 12 or 15 feet, and even less 
will be sufficient. Every time then that an electric cloud passes over the chimney, 
the bar will emit signs of electricity, if touched with caution, or by means of a few 
electric bells arranged near it. 

Instead of this apparatus. Father Cotte, an assiduous observer of all meteorological 
phenomena, places in a transverse direction, between two elevated placet, an iron 
chain, the links of which are furnished with sharp points. The two ends of the 
drain are supported by Jik strings, covered with pitch. From the middle of the 
proceeds another, of the same form and size as thci^ used for electric experi- 
ments, which is conveyed into the apartment, either through the chimney or the 
window, by means of silk strings which support it. At the end it ought to be fur- 
nished with a metal ball, which will produce sparks mudi more considerable than the 
^bain itself would do. The multitude of points, with which the chain is covered, 
famish such a quantity of electric matter, that the ball must not he touched without 
great circumspection. 

ifomer A.— Hiis curious experiment, highly interesting to philosophy, was proposed 
and announced by the celebrated Dr. Franklin, in letters addressed to Mr. Colliiison, 
fellow of tbe Royal Society ; but it was performed, for the first time, at Mariy, by 
M. Dalibaft and M. Raulet the Cur6 of that place, on the lOth of May I7fi2. It was 
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•fterwttrds exhibitad before the king end tke whole ooert Since that time it hie 
been repeated by mious philoiophers, and at preient nothing ii more common than 
this electrical apparatui) which shews the identity of the electric fluid and lightning. 
But it is to America, and to Dr. Franklin in particular, that we are originally in- 
debted for it. 

From this discorery we can deduce the explanation of several phenomena ; for 
which no proper cause had been before assigned. Of this kind are those flres often 
observed during storms, on the top of steeples, at the extremity of the^masts and yards 
of ships, which the ancients distinguished by the names of Castor and Pollux, and 
which are known to the modems under that of the fire of St. Elmo. It is nothing 
else than the electric fluid of the clouds attracted by the points of these steeples, or 
the iron at the summits of the masts. Cssar relates, that a great storm having come 
on while his army was arranged in the order of battle, flames were seen to issue from 
the points of the soldiers* pikes. This phenomenon has nothing wonderful in it to 
those acquainted with electricity. The flame; observed were the electric fluid, which 
escaped from these points ; the clouds, in all probability, being electrified negatively, 
whi^, according to Dr. Franklin, is often the case. 

EXPXRXMKNT XIX. 

Which prove* the eame fact in another manner,— The EUetric Site, 

It is sometimes difficult, if not impracticable, to raise an iron rod to a great height { 
and therefore another artifice has been devised to deprive the clouds, in some measure, 
of their electric fluid or lightning. It is by means of the paper kite, a small machine 
more employed before that time by young persons and school-boys than by philoso- 
phers ; but the use made of it by some of the latter baa in some measure en- 
nobled it. 

Provide a kite, covered with silk, of a pretty large size, such as 5 or 6 feet in 
length at least ; for the larger it is the higher it will rise, on account of the weight 
of the cord being less, in comparison of the force with which the wind tends to 
elevate it. Adapt to the head of it, a very delicate rod of iron, extending on the one 
side, along the lower axis of the kite, to the point where the cord is affixed to it, and, 
on the other, terminating in a sharp point projecting beyond the kite ; so that when 
the machine is at its greatest height, it may be nearly vertical, and rise above it about 
a foot. The cord may be of common pack-thread, with a very flexible copper-wire 
twisted round it, nearly in the same manner as on the lower strings of some musical in- 
atruments, but much closer. This is done, because hemp, unless moistened, is a bad 
conductor of electricity. To the extremity of this rod is attached another of silk, 
some feet in length, to insulate the kite, when it has reached its greatest height ; 
and near this silk string is connected with the cord of the kite a small tube of tin- 
plate, about a foot in length and an inch in diameter, for the purpose of drawing sparks 
from it. 

When these arrangements are made, expose the kite to the wind, when you 
observe a storm approaching, and suffer it to rise to its greatest height If the silk 
string be then made fisst to some fixed object, and in such a manner that the string 
•hall not be moistened by the rain, you will not fail to observe very often exceedingly 
strong signs of electricity,* and sometimes so powerful that it would be dangerous to 
touch the string or tube without tbe utmost caution. 

For this purpose, affix to tbe end of a glass tube, or a large stick of Spanish wax 
of about a foot long, apiece of iron some inches in length, having a small metal 
chain hanging down from it to the earth. Without this precaution, weak sparks only 
would be elicited, because tbe piece of iron, being itself insulated, would on the first 
touch be electrifi^ like the cord of tbe kite. 

M. de Bomas, the first person in Europe who employed this methdfl of drawing 
electricity from tbe clouds, caused a kite 7| feet in len^, and 3 in breadth, at its 
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ivliift 4luBeter, to riie to the perpendicular height of 550 feet» and produeed by it 
the meet extraordinary elTecfe* ^vlng imprudently touched the tube of tin-plate 
nritb hli finger, he received a violent shock ; buthappily the electricity had not nearly 
acquired its utmost strength s for the storm increasing, some time after he felt, at the 
distance of more than three feet from the cord, an impression similar to that made by 
a spider's web ; he then touched the tube of tin-plate with the discharging-rod, and 
extracted a spark of an inch in length and three lines in diameter. The electricity 
then increasing in a very great degree, at the distance of more than a foot, he ex- 
tracted a spark three inches in length and three lines in diameter, the snapping of 
which was heard at the distance of 200 paces. 

But what was most remarkable in this experiment is, that while the electricity 
was nearly at its highest degree, three straws, one of them a foot in length, stood 
upright in consequence of the attraction of the tin-plate tube, and balanced them- 
selves for some time between it and the eurtb, always turning round, till one of them 
at length rose to the tube, and produced an explosion in three claps which were heard 
in the middle of the town of Nerac, the experiment having bWn performed in the 
suburbs. The spark which accompanied this explosion, was seen by the spectators 
like a spindle of fire, 8 inches in length, and 4 or 5 lines in diameter. The straw 
which had occasioned this spark at last moved along the string of the kite, some- 
times receding from it, and sometimes approaching it, and producing a very loud 
snapping when it came near it. Some of the spectators followed it with their eyes, 
to the distance of more than 50 toises. 

Farther details respecting this experiment, no less interesting than curious, may be 
seen in the ** Memoires des S^avans Etrangers," published by the Royal Academy of 
Sciences, vol. ii. It was followed by a great many others of the same philosopher, 
which prove that, even during calm weather, a kite of this kind is sometimes so 
highly electrified, as to make the cord to sparkle, and to give violent shodcs to those 
who inadvertently touch it. 

We have already said that M. de Romas was the first person in Europe who made 
this curious experiment ; but it bad been made some months before in Pennsylvania 
by Dr. Franklin ; for be sent an account of it to Mr. Collinson, bis correspondent at 
London, in the month of October, 1752. This discovery however was not known in 
France till a long time after ; and M. de Romas even announced it enigmatically to 
the Academy of Sciences, about the middle of the same year. Thus, while we 
adjudge the first merit of the invention to Dr. Franklin, we cannot help acknowledg- 
ing that M. de Romas concurred in this respect with the celebrated philosopher of 
PUladelphia. 

EXPERIMENT XX. 


Tht How ttruck Ity Lightning, 

Dr. Lind is the author of this experiment, which serves to prove the difference 
between the effects of the explosion of thunder, when received on a blunt end or ball, 
or on the sharp point of an uninterrupted conductor. It displays in the fullest light 
the advantage of good conductors for preserving houses from lightning. 

A B (Fig. 50.) is the model of a small house, of which 
c is the summit of the roof ; a d is a wall in which ii 
formed the square hole, o f h x, destined to receive a 
square* board ; in this board is placed diagonally an iron 
rod, which according to the position of the board can be 
disposed in the direction F B or o B, as seen in the figure. 
I. o is an iron rod terminating in a ball x., which ends at 
the point o. From h to i is another rod of the same 
kind, the end of which i terminates in a chain of a 
length proper for the purpose intended. 

When this arrangement has been made, place the board 
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In «ndi • nwaiMr tlint tlia rod, sunk in it, mnj be in tbe direHdon t ■ ; leating an 
intermption £rom a to h. Then make the chain paia round the body ^a jar, like 
those used for an electric battery, and diarge the jar as highly aa possible* Then affix 
to one of the legs of the discharging rod, furnished with a glass handle, the chain ot 
the conductor, and with the other leg of the rod touch tbe ball l, which rises above 
the roof of the house, and the rod o c. An electric circle being thus formed, a strong 
explosioD will ensue, and the board v o ■ a will be thrown from its place on account 
of the jump which the electric matter roust make from o to B, to reach the conduc- 
tor, which is interrupted in that place* 

But, instead of a rod terminating in a ball l, substitute a rod ending In a sharp 
point, and place the board f o h x in such a manner, that tbe small rod x i may 
be in the direction OH; if you then repeat the same operation as before, 
the electricity will silently pass along the rod l o A, without displacing any 
thing. 

This is an exact representation of what takes place when a building is struck by 
lightning. The top of the building receives the shock, and the lightning follows 
the first metallic conductor it finds, without doing it any damage, provided it be ot 
a sufficient size ; but if this conductor be any where interrupted, it makes an ex- 
plosion, and blows to pieces the walls, the wainscoting, Ac., till it finds a new con- 
ductor. At every interruption a new explosion takes place, to the great danger of 
^ose who are in the neighbourhood ; for as the body of a man is a pretty good con- 
ductor of electricity, on account of the fluids \rilh which it abounds, it attacks him 
in preference, and infallibly destroys him. 

But if the rod, elevated above the house, terminates in a sharp point, and if the 
conductor is not interrupted, nothing of this kind will take place. There may be 
some slight explosion at the point of the bar ; but the electric fluid or lightning 
thence follows the conductor to its extremity, which is sunk in the earth to a depth 
suffident to reach moisture. 

M. Sigaud de la Fond, professor of natural philosophy, rendered this experiment 
stfll more sensible, by the disposition he gave to tbe small house. It was such that 
tbe electric explosion blew up the roof, and separated tbe walls. 

KXPBBIMXNT XZt. 

The Ship struck by or preserved from Lightning. 

This experiment, in some respects, is merely a variation of the preceding. We 
have intr^uced it, however, beomse it is no less amusing, and is equally calculated 
to prove the utility of uniuternipted metallic conductors, for preventing danoage by 
lightning. 

In the middle of a small boat, representing the hull of a vessel, raise a tube about 
dght inches in height, and half an inch in diameter, to represent the main-mast. Fill 
this tube with water ; and, having closed both its extremities with two pieces of 
cork, introduce through them two pieces of iron wire, so that the ends of them 
shall he at the distance of half an inch from each other, in the inside. The lower 
piece of wire must be immersed in the water in which tbe vessel floats, and the 
upper one must terminate, without the tube, in a small knob. 

Now, if a communication be established between tbe exterior surfree of an electric 
battery and the lower wire, and if the end of tbe iron chain, which is connected 
with the inside of the battei^, be applied to the end of the upper wire, tbe explosion 
of the electric matter, passing from the end of one wire to that of the other in the 
tube, trill be such, even if a small part only of the chain be employed, that it 
will shatter the tube to pieces ; and the bottom of the vessel being pierced, it will 
fink. Budi is the manner nearly in which tbe main-mast of a ship is shivered by 
i^htning, so that tbe vesael is in danger of being lost. 
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to pMt tbrougli the iwo^lkm ^ 
oork And tlM mtn with wldch thA tabe ii fitted^ and if the aame comnmtiieatimi he 
eftehUahed with the electric battery, the chei^ of lixty-foar jaramiiy be treiiip 
nutted threlvh the tube, without dc^g it any iejury. Sometunei however the 
force of the electric matter, or of tide email flaah of artidrial Hghinin^ will be ao 
great, as to destroy the metallic wire. 

• This experiment was invented by Mr. Edward Kainie, and mi^t eerily be adapted 
to represent, in a manner more agreeable to reality, the phenomenaof a vessel struck 
by lightning ; but we have diosen rather to describe it as given in the PhUosopfai- 
cri Transactions for the year 1778. It dearly shews how dangerous the Interrup* 
tiou of metallic conductors is, and how the smallett conductor, if propeily eon* 
tinned, will carry off the electric fluid, 

UmnOLAh BBMAEK. 

On th§ analogy hahoaen Ughtning and the tUdrio fimd»^Tka moano ofutnrlng homm 
from the affieta of lightning. 

Though the identity of lightning and electricity is sufficiently proved by the pre- 
ceding experiments s to establish it more completely, we shall mention some of 
the phenomena roost commonly observed in the progress of lightning, when it 
Arils on a house or any other object. 

The first of these phenomena, or what takes place most flrequently, is, that die 
lightning runs along metaUio bodies, wherever it meets with them in its wa}« 
For want of metallic bodies, it explodes, or attaches itself to moist bodies, or to 
animals, which are composed almost entirely of fluids. Hence it is often observed, 
when the lightning Arils on steeples, that from the weather- cock or cross on the 
summit, which receives the first shock, it runs along the iron work, proceeding thence 
to the roof or to the inside of the building, and there explodes ; for as it no longer 
meets with any thing besides wood or stone, which are had conductors, it cannot 
conveniently pursue its course; it therefore often strikes men who are in the 
steeple, in consequence of a had custom which prevails of ringing the hells on such 
occasions. Sometimes it foils on the hell, and follows the rope to its extremity ; 
and if the rope at that moment is held by a man, he seldom escapes destruction ; 
for being a better conductor than hemp, the lightning seems to give him a fotal pre- 
ference. 

It very often happens that the lightning melts the lead of the cross, which it 
strikes rather than other bodies, which are worse conductors. 

We may thence explain riso, why it has happened that a man with a sword by hit 
side hat been struck by lightning, without sustaining any hurt, and that the point of 
the sword had been found melted in the scabbard : it is because the electric fluid pre- 
ferred passing through the sword, entering at the hilt, and issuing at the extremity | 
and as this extremity terminates in a sharp point, it found it more compact, and 
reduced it to a state of fusion. This eWdet may be imitated, by causing a large 
quantity of the electric matter to pass through a sharp-pointed wire. 

When lightning foils on a tree, if there he any animals beneath, they rarely escape, 
especially if the tree be of a resinous or oily nature. The reason of this Is, that 
wood is a bad oondiictor; the lightning therefore abandons it if there he a bettw 
conductor, such as an animal, in the neighbourhood. Henoe it happens the wri- 
nut tree is reckoned to he particularly dangerous : its oily sap renders it a worse mh 
duetor of electricity than any other. 

Bat it is when lightning Arils on a house that its predflectioa for metallic bodlee 
prindpally appears. Almost all the accounts of the efihcts of lightning agree^ Jm 
representing the electric matter as preferring to run along the wires flamdto tiM 
bells, or the metallic edges of comiecs, or lookimr-classci. or 
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ton lind been wanting, or had l^isn iniufficiaat, it would liavo oemioned great 
dentege. 

One of the best re\^ted,jan4 moft romadcable aeccwuiW of lueb evenie* m that of 
the lightning which atruckithe hotd ooouidedby Lord TUney at Kapleti on the 2(Hh 
of March 1773. We are indebted for it to Sir William Hamilton, who wai preaent 
In the apartment, through which the Ughtaing pamed, together with M. de Sattisure, 
profeaaor of Natural history of Oenava, and they both soon after exaiuiued the whole 
hotel with the utmost care, in order to trace out the progress of the meteor. The 
circumstances of this event were as follow. 

The apartments of Lord Tilney, which consisted of nine rooms on a floor, were 
decorated with great elegance, like most of those belonging to persons of rank in that 
country. A very large cornice went round all the rooms, and this cornice was gilt 
in the Italian manner ; that is to say coated with tin-foil, covered by a yellow var- 
nish, in imitation of gold. From this cornice proceeded a great number of plat- 
bands, which served as frames to the tapestry, and which were gUt in the same man- 
ner, as well as the borders of the panels of the wainscoting, the frames of the pic- 
tures, and the mirrom, the door-posts, Ac. The apartments above were ornamented 
In the saine style. This hotel had a profusion of such ornaments, and it is to be 
observed that all the rooms communicated with each other by means of the bell* wires, 
whieb, for the sake of convenience, were very numerous. 

Lord Tilney bad a party to dinner, and Sir William Hamilton says, that on this 
occasion there were in the hotel upwards of 500 persons, including the domestics. A 
loud clap of thunder was he«^, and in an instant the whole apartment, where the 
company were assembled, seemed to be on fire. Every one thought himself struck 
hy the lightning, and the terror and confusion which this circumstance produced 
may be easily conceived. No person however was either killed or wounded ; and 
this no doubt was owing to the prodigious quantity of metal conductors, which 
enabled the lightning to pass throng^ them. 

Sir William Hamilton and M. de Saussure, having examined, soon after, and next 
day, the different apartments, observed that the greater part of the extensive cor- 
nices were damaged, and blacdc in a number of places, particularly at the corners, and 
where the bell-wires passed through them ; the gilt varnish was detached in many 
parts, and thrown down in the form of powder ; in some other places the cords of 
4be hells were hncnt In one room wb^e two paintings were suspended, one above 
the other, between the cornice and the door, the lightning had passed from the cor- 
nice to the gUding of the ftime of the piciure immediately below ; then to that of 
the second picture, and thence to the frame of the door, and its course was marked 
on the wall, which waa whitened according to the custom of the country, by the 
Impfessions of the smoke. In another room, the lightning had also passed from the 
cornice to the frame of a picture, which was in contact with it, and thence to the 
interior border of the frame of the door, making an explosion eadi time ; it had then 
dcceended along the frame of the door, and had split part of a nsali ao^e, at which 
Ae mouldings jts rmin a te d. The same phenomena nearly had taken place in the 
qiUMT Story* 

It amy be seen, by this deseriptioa, that the lightning had preferred passing through 
idltlicienmtelliciiwterisls; and there can be no doubt that it wu owing to the 
great profbslon of gilding, and Co the wires of the bells, that some of the persons 
present eeeaped Mpg killed. 

The prHffiicctlon wbMt the deetne matter, or Ughtpi^, shetm ior metallic con* 
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Mfteed 0r. Fnmkiitiy E^ot ifc« yetf 17^ to prof^M^te^ ot FblkdebUo, % 
itOWOfeotlioddlffMMrirbg ed^ tbit de«tni«tsiYe oaetoor. It oontht* in 
inf on tbo top« of fbe liottiei so iron red, temiaeii&g itt a point, and eonthmed 
doiirtmrdi by eeveral more rode joined together. The loifrest rod onght to be tmtb 
In idue earth to e eafllcieiit depth to meet with mobtitre, whit^, being a good conduO* 
tor, iviU convey off the electric matter, by transmitting it to the whole mass in the 
earth, lb regard to the eixe of the rod, Dr. Freitklin obserres that three ee four 
lines in diiuneter will be sut&cient. 

In the year a great many houses in North America, and partienlarly in Penn* 
sylvania, Maryland, and Virginia, where thunder is very common, and ffiHs oit 
buildings, were furnished with conductors of this kind. It is allowed that several of 
these houses were struck by lightning ; hut the circumstances always observed in 
America, were as follow : lit, that the damage done to these houses was less. 2d, 
that when they were struck, the lighihing, instead df occasioning the kame havoc ai 
in others, passed off by the conductors, leaving only a slight impression in the neigh* 
bouring parts. In these cases the point of the conductor was, for the most jilft, 
found to have been fused. » 

The object of these rods is not indeed, as was at first supposed in Europe, to 
deprive an immense cloud of its electricity, but to furnish a conductor to that electric 
matter, when by an accident, which cannot always be avoided, a doud highly ehaiged 
with electricity has fallen on an edifice. ^ 

This ekpedient, however, found powerful opponents, especially in France. One 
of the most conspicuous was the celebrated abbd Nollet, the rival of Dr. Franklin ta 
the ‘theory of electricity; but it must be allowed that nothing could be weaker than 
the arms with which the French philosopher combated the American. They were 
mere assertions, unsupported by any proofs, or rather contrary to the lesult of e:ape* 
riments. According to Nollet, these pointed rods of iron are more calculatied to 
attract the lighining than to preserve from it ; and it is not a rational project for a 
philosopher, says he, to exhaust a stormy cloud of the electric matter it contdns. 
To answer these assertions, it is sufficient to be acquainted wHh the effects of light- 
ning. They prove, in the most evident manner, that if the places where it foil had 
been furnished with good conductors, no explosion would have taken place. Besides, 
it is not true that a sharp^pomted rod attracts the electricity of a storm-doud ; on 
thAontrary, if a sharp-point be presented to a flake of cotton, suspended from the 
conductor of the electric machine, it immediately repels it. Is it therefore better to 
wait till a atorm-cloud, charged with electricity, and driven by the wiq^ against a 
building, shall explode and pour into it a torrent of the electric fluid, than tq draw it 
off by d^des, so that when it approaches the edifice, it shall be entirely deprived of 
it? In regard to the impossibility of freeing a doud entirdy from its electric matter, 
it is needless to make many observations ; as all that is meant is merely to supply the 
electric matter, poured forth from a storm doud, with the easy means of escaping. 

But, when it is considered, that every time almost, that lightning has follen in any 
place, without doing damage, it has followed conductors as small as a bell-wire* or 
gilding,, Ik, and that it has never exploded but when iu course was interruptfad, 
rirnre can he no doubt that a rod, half an inch or an inch in diameter, would afl^ a 
passage to all the dectrie fluid that could he produced by the largest doud. 

Sharp-pointed conductors, considered as preservatives against the effects of Uglkt- 
ning, were opposed in England by the noted electridan Wilson, on the folloWlt^ 
occasion. The method proposed by Dr. Franklin, for preventing the-effbets of %hj^ 
ning, having exdted the attention of the government in 177% Eoyil Soddw ^ 
London were consulted on the means of securing from ^is destraedve agarit lha 
new powder magazines at Purfleet. The Society having appointed BdCk; CaetM^, 
Dr. Watson, Dr. Franklin, Mr. Wilson, and Mr. Bohertion to exemino ; 
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Ibi^r et mm of o^akm* tM iht maitpaS^m be fomUM 

|it»r|^poh»li4oQo4oc^ Mr. WIUoii eloiie matniaiiied tbit tbe|>oiiite of tie 
doflikfe ott|bt tobe Uiiot, end be refeted to ilgii the report. It nay be eeeOy eoeo^ 
^MiKt Mr« Wikon'enotiye was an epprebeoikm that ebarp^iKdiited eondocton night 
attioet the electric fluid at too great a dUtaaoe. Dr. FrauhUn, in a paper written on 
pttfpoee, whirii comtaiiw an account of new and ingeidoua ezperiioenti» endeavoured 
do make him change hie opinion i but SA not cucoeed. The magaiinec of Purfleet 
however were fumiihed with conductor! according to the idea Dr* Franklin and 
rim orimr three eommiaeionera. * 

The aequei of tbia buiineai gave riae to the moet eitraordinaiy traneactioiia that 
everoecoi^ in the Eoyal Bodecy. 

sxpssnoBRT zxn. 

Of aeme ttwuumtm fowMl m Metric Sepuhitm end Jiirection.’-^The Eteeiric 

Spider^ ^c. 

Cut a enali bit of cork, or of the pith of the elder tree, into the form of a tpider, 
and fix to it fix or eight cotton or linen threads, a few lines in length. Suspend this 
small figure fimn a hook by a silk thread, and place on one ride of it, and at the same 
height, the knob of a small jar poritivdy charged, and on the other that of a jar 
negatively diarged, or merely a rimilar knob not electrified, and communicating with 
rim general mass of non-electric bodies. You will then see this figure first attiacted 
towards the electrified knob, and then repelled by it : and as the filaments of the 
threads will mutually repel each other, the spider will appear aa if at work, and ex- 
tending its legs to lay hold of the second knob. But it wili have no sooner touched 
it, rimait will seem to fly from it ; for when deprived of its electridty by the touch, 
it will beattraeted by the first knob, from which it will be afterwards repelled ; and 
this pUy will continue as long as there is any electridty in the jar. 

A common conductor charged with electridty will supply the {dace of the elec- 
trified jar ; and, instead of the electrified knob, the finger may be employed. The 
spider, after having touched the conductor, will appear to throw itself on the finger, 
us if to adxe it, and will embrace it with its legs. 

EXPRRIMXKT XXHl. 

7b« Ekctrie Wheel end TernepU. # 

Coomruct u wheel consisting of eight vt ten glass radii, implanted in a common 
ftfntre, abogt rix or right inches in leqgth, and earii furnished at the extremity with 
uhaUofkad. 

This wheel must be placed, in perfect equilibriuin, on a small vertical axil, whidi 
luma in a piece of glass, to ^t the slightest impulse ci^ put it in motion* The 
stand, by whidi it is soppmted, must be siisceprihle of being insulated. 

Then provide two jars, one charged positively and rim other negatively; and, 
having inanlated the above wheel, place the two jart one on eadi tide id it, ao 
rimt the haHa shall paia at the distance of a quarter of an inch from rim knob of 
mufli jar, * 

It may he eadly oonedved, riiat if this small machine be in perfect equilibrium 
when one ofthe baUa approach one of riie knobs, that for example which belongs to 
rim flarit charged positively, it will be attracted by it, and the machine will tend to 
turu fomid; but the hall, paaring near to that knob, will be electrified positively, 
uafl cmtaequoiitly will be imomdiitely repelled. 

The same thhig will take place m regard to the flask which is charged negativriy : 
rim ncmmlectrifiefl butt wOl be attracted by H, and in pasring near it will be elec- 
trifled negatively ; it will therefore be r^mlled, at soon aa It hae passed it* 

Aa the amne thing taheagleoe in regard to ari^tlm other hrils, the reiult wlU be 
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A modoB, wUc^ will lie eeoelemted mere eii4 meri»eki4 will eontlmte m 1ohli||^ 
aetlie two jert in e it«te of electHelty. But tbey mey be'eeetty V«iit in me^eu, 
by tbe kuob of a jar strongly charged touch that of ooe of them, vaA ihe 

huob of &e other the side of the same jtf $ by tibiae means the one will be charged 
poiitirelyf and the other negatively. 

When the electricity is very ^rong* and the madiine Is well eonstmeted and in 
equiUbrio, it acquires a motion capable of turninga weight i^eereial pounds placed 
on its vertical axis. 

The electricians of Philadelphia employed this apparatus to tom a s|dt, when a 
party of them met to amuse themselves with philosophical experiments. Being per* 
Buaded, no doubt, that Reason must sometimes throw itself into the arms Of Folly, 
they assembled on the banks of the Skuylkill, a river which runs past Philadelphi% 
and having killed a turkey, by tbe electric shock, they placed it on a spit edapt^ to 
an electrical jack, and roasted it at a fire kindled by the electric spark ; they then drank 
to tbe health of the European and American philosophers who cultivated electricity, Jt 
amidst the noise of musketry, but of electric batteries discharged at each toast. Br. 
Franklin, the first of tbe philosophical electridans, calls this an eUetneal futU. 

SXPIRIMENT XXIV. 

Th 0 Eleetrie Alarum and EUetrie Harp$iehord, 

Suspend from the coudu^r of an electric machine, three bells, at the distance of 
about an inch from each other ; but the outer ones must be suspended by threads which 
transmit the electric fluid, and that in the middle by a silk thread, or other eleetrie 
subumce. The bell in the middle must communicate, at the same time, with ihu 
floor, by means of a amall chain or metallic wire. 

At equal distances, between each of these three hells, suspend by silk threads two 
small balls of metal, in such a manner, that when pulled a little to the right or left, 
they shall strike against the bells. 

If the conductor be now electrified, you will immediately see these small clappers 
put themselves in motion, and strike the bells alternately, which will form a small 
alarum ; and if tbe electric apparatus be concealed it will be difficult for those pre- 
sent to discover the cause of it. 

Tbe cause however of this continued play may bh easily discovered ; for, by the 
construction of the apparatus, the two lateral or outer bells are electrified, as soon 
as the electric machine is put in motion. Tbe small balls suspended between them 
and that in the middle will therefore be attracted by these hells ; but as soon as they 
touch them they will he repelled, being electrified in tbe same manner aa they are $ 
they will then be carried towards the middle bell, which having a communication with 
the floor, will immediately deprive them of their electridty. They must therefore 
fSsll back towards the dectrifled bells, which will attract them agwn ; and this play 
vriil eontinua as long as the electric machine is kept in action. 

Emark^^n this principal, an instrument called the alaeirieai harpMord has 
been invented. The following is a short account of this ingenious machine, tat nditcii 
we are indebted to Father de la Borde, a Jesuit, who gave a desedptioa of It hi k 
small work published in 1759. 

Suppose an iron rod, supported by silk strings, and furnished with iwDTovreq# 
bells, each two of whidi are capable of emitting tbe same sound, beeanse two tvBt 
bs required for each tone. One of these bells must be suspended fiom the rod 
wire, so that when it is electrified the bell may be eleetiifled alao. The otitflribllit 
be suspended by a dlk string, and between each pair of beSi k skndthdl Of 
be suspended hf the same means. 

The ben suspended from the bar at the top, by the 
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1iAt% pcooeei# 4oWaimrd«» and isB^tad by anothar diik itriag. ToUi lowir 
ttEtrattlty it ftitened a tmaU lerer, which In its utual poait|im rettt m another 
htioliled bar, comtnanicatiiig at well at the other with the conductor of an dectiical 
atachine. 

In the last place, below ihb tecond bar, it a harpsichord to ^poted, that when 
one of its keys it ionehed, the other extremity of it raleet up the conretponding le?er ; 
this interce;^ the communication of the bell with the electrified conductor, and 
establiihet a communication with the general matt of the earth* 

After thit detcription, it may be easily conceired, that if one of the keys be 
touched, while the ^ectnc machine it In motion* one of the bells being electrified, the 
Bteel hall will immediately advance towards the other, tnd being eleoidded by it, will 
be repelled towar|pt the first, which will deprive it of its electricity, and thcrefbre 
it will return to the other* This morion will take place indeed with great rapidity, 
and the reault srill be an undularing sound resembling the vibrariont of an organ. 
When tbe lever ilrils down, the two bells are equally electrified, end in a moaent'the 
steel ball ttopt. 

Father de la Borde, naving constructed this machine, could oy practice perform 
on H, with a considerable degree of correctness, simple airs. But was it of suffident 
importance to be made the lubjeet of a particular treatise, since neither the sdence of 
music nor the theory of electridty could be much benefited bv it? 

zxPXBisfxKT xxr. 

The Ekciricttl Hortei which jmreme tech other; or the Eteetricml ITcrfe-race* 
With two small iron plates, or two small wires, construct a sort of cross, having a 
piece of copper in tbe centre, so as to represent two magnetic needles crossing each 
other at light angles. The ends of these four branches must terminate in a point, and 
about an inch of the extremities of them, more or less according to the site of tbe 
machine, must be bent back so as to form somewhat less than a right kngle. On 
these bent ends fix a small bit of light card, and place on each the figures of horses 
having their tails turned toward the points. Then arrange the whole on a steel pivot, 
raised in a perpendicular direction, that the cross with its load may preserve itself in 
a horizontal direction, and have a very easy rotary motion. 

Having then insulated tbe madiine and its plate, if tbe latter, or the point of steel, 
be made to communicate with the electrified conductor, you will soon see these four 
brandies of iron assume, as if spontaneously, a rotary motion in a direction contrary 
to that in which their extremities are bent ; so that the four horses will seem to 
pursue each other in a drcular course. And this play will continue as long as the 
deetricity lasts, and eyen longer, on account of the acquired velocity. 

If the experiment be made in the dark, and without the horses, that it to say with 
the four points alone, you will aee pendls of light or electric fire issne from them, 
which will form a very agreeable apectacle, as tbe result will be a ring of fire ; and 
this ring may be rendered larger by giving unequal lengths to tbe branches of the cross* 
Several stages of wires, placed in the form of a cross, each stage always decreas- 
ing in sise, might be constructed, and by these means a luminous pyramid would be 
formed* 

The cense of rids apparently spontaneous motion may be easily concdred* It is 
tbe impulse of the ele^c matter. Issuing from the pointi, which meering with the 
air, eiqierieuees a reacrion, and is impelled backwards. 

HfaiBrk«-<41oine have pretended to deduce from this experiment a ptetty strong 
eil^criott against the hyphens of Dr. Franklin $ for whether this small madiine be 
derided either poritively or negatively, the motion takes place in the satne direo* 
tkm, whidi has astonished those even who are decided Franklinhm^ To us this 
el|t*criliii a ppear s to have little weiglri ; in our o|finion it might be said, that In 
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clie fi» ^ iMirifi iUld wilieh if 

|i« »biorMi without odamunicsting to them t» impuUe, wHc^ eem exftc%^fo 
the itune Erection ai the repuliioii ezpenetieed by ^ eteetrie on Smiiieg 
from the pointe when they ere electrified pocitively, 

sxromiiRBMT zzrx. 

7b eeeee writing in hminouM ckaraetera to appoor nuddtnfy, hg th$ Mtans of 

nloetricitg* 

Thie electric emutemeni » founded on a well known ohierraiion, that if aeveral 
metallic wiret be diiposed together in such a manner that th^ enda, without being 
in contact, shall approach very near to each other^ so as to be at the distance of a Hue 
or half a line $ if the first be electrified, while the last has ajcommunicatidn with the 
mass of non*electric bodies, sparks will continually be emitted between the mids of 
these wires. 

The same thing will take place if the last of these wires terminate in a point $ 
for as it will by these means lose its electricity, there must be a continual afflux 
of new matter ; and this cannot be the case without causing a spark in each of the 
small intervals, that separate the ends of the wires. 

This being understood, it may be easily conceived that a series of sparks, formii^ 
any representation whatever, with some limitations, which will be seen hereafter, 
might be produced, by arranging fhe ends of the wires along the outlines of any 
figure. If the last of the wires be then touched by the finger, or, what will be 
still better, with the exterior furniture of the Leyden flask, there will be instantly 
formed, in the intervals between these wires, sparks representing the contour* of the 
figure. ^ 

But, as this would be attended with difflculties, it may be easily executed in the 
following manner. Cut a leaf of iinifoil into small pieces, of a line or half adine 
square, or into the form of a rhombus somewhat elongated. Then delineate on 
paper the letters you intend to represent, und having put a plate of glass, about a 
line in thickness, on the drawing, cement to the glass the small squares of tiii^foiL 
or the rhombs above described, according to the outlines; taking care that the 
angles correspond to angles, and' that they be at the distance 
from each other of aboUt half a line, as seen In the ‘delinea* 
tion ot the letter S, (Fig. 51.) Then connect fhe exttUmHy* 
of one letter with the commencement of the frilowing one, 
by a small bent metallic plate, terminating on both sides in m 
iWp point, as seen in the same figure ; a small plate of the 
like kind at the commencement of the first letter, * and 
another from the end of the last, must proceed to the edge of the glass, a<^ be. 
yond it. 

Let US now supposh that the first of these small plates lias a communication with 
the electric' conductor, and that you touch the second, of vice vered ; each angle 
of the small squares will convey the electric fluid by a spark ie its ueighhour ; and 
if the experiment be performed in the dark, these two letters will be nerceived as 
if delineated by a series of luminous sparks. 

If the last plate commutdcate with a mass of non*electric bodies, and^ the elee- 
tricity be strong, an explosion wiU take place between eack aquare, which will reuipr 
this writing luminous, A very brilliant elfect is produced by passing «a elebirte 
ehook through the circuit proposed as above, 

iteeiofk,~*6ut it is to be observed, that all the letters of the alphabet cannoi be 
repreaented in ar manner no sinsple as the two here given by wap of exaalpla. 
the O cannot be represented by this meteod, as the electric fittid^ jaatead of geing 
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rmtkk trumted «t lit i^rper part, as tha alsetrie mattar wfuM pass through it A 
partieiilar «rt^ therafoaa is iiaeettai 7 to oinriate tl4s i»m?ai^siioa» 
fai tagard to a graat nwaf other laitart, tmk at E, F» S» ^ 

This artifice consists in delineating one half of the letter on one side of the ghMS» 
and the other half on the o^er« and in forming a commanication hetween them by a 
iouU metallic band^ which, proeeedfaig from the upper to the lower side of the glass, 

may oonrey the dectiie matter firom the 
last square of the first half of the o {fig. 
fiSh), for example, to the first ^uare ef the 
second belf of the aame letter, and then 
uniting, by a similar hand, the last square 
of that second half with the first square 
o^efuUy examined, the mechanism of this 
*hie letters, or perts of letters, represented 
on the upper side of the glass, must be strongly shaded, and those on the lower 
lightly. As the propagation of the electric fluid is instantaneous, no inconrenienoa 
ean me from this method of transmission. 

It may be readily seen that such an artifice, in the ^mes of superstition, mifi^ ' 
hare hem employ^ to terrify the ignorant. If a number of people, assembled in a 
dark place, should see, after a clap of thunder, a hiroinous writiiig on the wall, con- 
taining a pretended decision of the Deity, what would they not be capable of doing ? 
and with what terror would a man be struck, who on waking should see written on 
the glass, This day tkw $kaU dief ^ 

BXPXUXEHT xxvn. <0 

Eketrk Fire Worke, 

We shall here describe a new kind of spectacle. We will not absolutely warrant 
its success, but we are inclined to think that our idea is susceptible of being carried 
into execution. 

An exhibition of fire-works is generally composed of a fixed decoration, repre- 
senting an edifice, suited to the sutpect, and of various moveable pieces of fire ; such 
as rockets, gerbes, cascades, fixed or revolving suns, dec. ; and all these pieces, in 
our ojunion, may be represented by merely electric fire. 

Let ns first assume, by way of example, a decoration of architecture, which b 
illuminated by a series of lamps, dbposed in such a manner as to trace out its prin- 
cipal parts. Now, might not a series of points, rendered luminous by electricity, be 
substituted instead of these lamps ? The preceding experiment will furnish us with 
the means of aceoroplishing thb end ; for since letters, the figures of which are mudi 
more complex, may be rendered apparefit by a serbs of similar points, lines, the 
greater pari of whi^ are straight and parallel or perpendicular to each other, may be 
represented with modi more ease, by attending to ^e directions given in that ezpe* 
riment. The foUowing however is another method. 

On a piece of very dry and well pbned resinous wood, trace out the design 
of your deooratioD, and mark by points the places where lamps would be suspended, 
were it to he illuminated; then place ateadiof these points a piece of iron wire, 
one or two linei in length, and tennuiaring on the outride in a very delicate sharp 
pointi and form a communication between aH these wires, by a long piece of wire 
eomieeted wHh them. If the electric matter be then exdM in a powerful manner, 
there b no doubt that eadi of these points will emit in the dark a small luminous 
gsrbt, wiridi traee out the design of your architectural decoration ; for it b 
wdl known that a bar of iron, when strongly oleetrifled, throws out in the dark 
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of the following letter. If Fig. 52 be 
amusement will be easily comprehended. 




hm ill Ht mgt«t 1«|» lumliipttt wlddi «re anr^nil Mb«i IW 

iMigih. 

N«l3iUig!i wi^er tliatito re|»r«ievit t gerbe of fire $ o gm]p of im w^ret, 
twtiog in n point, will profinoe nn aieemblage of mMll gefb^ whidi together will 
form one of a considerable sice* ^ 

If a fined tun is to be represented, it may be done by menni of ten or twelvo 
p<dnti disposed in the form of radii, at the extremity of a wire wbieh ieminates in a 
bottom nnd if twelve points be arranged In a proper manner, they may form a star the 
emanation of the electric fluid t notbiug will be necessary but to ^spose them in the 
aame manner as tbe rockets are in common fire works, to represent tke same thing. 

If several ^eees of iron wire, terminating in a point, and having a eommamcation 
with a common handle, be arranged in a semidrci^ form, in a direction indiaed to 
the horiaon, they will represent a cascade, by the electric gerbea which issue fiom 
their points. * 

If the fignre of a revolving snn be required, you must construct a cross similar to 
that described in the 2Ath experiment ; but instead of making it turn round on a 
vertical axis, it must be brought into perfect equilibrium on a horisontal one. Tbe 
luminous gerbes which issue from the bent points will form a circle of fire, if the 
motion be rapid, or something that has a near resemblance to rf sun. 

What may give to this exhibition an air of reality, is that it is possible to accom- 
pany it with the noise of an electric battery, which will excite the idea of marroons 
and saudssons, a discharge of which accompanies in general other fire-works, if not 
continually, at least at certain intervals. This might be done by means of small elec- 
tric batteries, discharged partially and successively. 

This, as already said, is merely an idea, which has need of being subjected to 
expenment ; but in our opinion an ingenious artist might turn it to advantage. It 
may easily be conceived, that the electricity in this case ought to be strong $ but 
what could not be done by one electric madiine, might be performed, in all probi^ 
bility, by two, or three, or four. 

EXPBRnrSNT XXTZn. 

On the EkHricity cf SWL 

We shall here present the reader with a few more singnlar experiments made by 
Mr. Symmer, who published them in the Philosophical Transactions for the year 
1759. 

1st. During exceedingly dry, cold weather, when a north or north-east wind pre* 
vails, take two new silk stockings, the one black and the other white, and after 
having heated them well, put them on the same leg: the action of putting them on 
will itself electrify them. If you then pull them off, one within the other, making 
them both glide at the same time on the leg, they will be found so much elec- 
trified, that they will adhere to each other with a greater or less force* Mr. Symmer 
once saw them support, in this manner, a weight which was equal at least to sixty 
times that of one of them. 

3d. If you draw tbe one from within the other, polling one by tbe heel and foe 
other by tbe upper end, they will still remain electrified, and you will be asto- 
nished to see each of them swell in such a manner as to represent the volume 
of the leg* 

8d« If one of these stockings be presented to tbe other at some distance, you arSfi 
see them rush towards each other, become flat, and adhere with a fbree of aeforal 
ounces* 

4th. But, if the experiment be performed with two pairs of itoekhigB* coofoMh 
in foe same manner, tbe one white and tbe other black, on presiiifoig foe 
itock^ to the white, and foe black to the black, they will mutually fepa) ead^ 
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otber. If tlie bhu!k be then preiented to the white, they will ettmet wA. other, 
and become united, or will tend to unite, as in the third experiment. 

dth. The Leyden flask may be charged by these stockings. 

It appears thence to result, that silk rub^d against silk is capable Of electrifying; 
but for this purposle a preparation must be given to one of the pieces t for tWo White 
or two black stockings, placed one within the other, cannot electrify. But it is not the 
blade as black, opposed to the white as white, which produces this effect. The Abbd 
NoUli has shewn, that the preparation here alluded to, is the operation of galling, 
which precedes that of dying black ; for two white ribbons, one of which only is 
galled, if rubbed against each other properly, will ‘produce the same phenomena 
of adhesion, attraction, and repulsion. There can be no doubt that the case is the 
same in regard to stockings. 

The partisans of the FrankUnian doctrine respecting electricity, will not find It 
difficult to explain the other phenomena which have been mentioned. Each stocking 
is electrified in a different manner, one positively and the other negatively ; it 
appears that it is the white which is electrified positively, or in the manner of 
glass. The swelling up, observed in each of the insulated stockings, is only the 
effect of repulsion between the bodies similarly electrified ; for aU the parts of the 
same stocking have deceived the same electricity. For the like reason, two stockings 
of the same colour necessarily repel each other. 

But, if a black stocking be presented to a white one, as their electricities are 
different, these two bodies will attract each other ; this phenomenon is well known, 
and if not general does not fail to take place between two bodies electrified one 
positively the other negatively, or the one in the manner of glass, and the other in 
that of sulphur. 

A very remarkable phenomenon here is, that two bodies, the one electrified po- 
sitively, and the other negatively, according to the language of the Frunkliuians, 
may be applied to each other, without their electricity being destroyed. Mr. Sym- 
mer remarks ibis with some astonishment ; and hence he was induced to deviate 
from the Franklinian doctrine in assigning reasons for it, which, as the Abb^ Nollet 
observes, approach near to the explanation of the latter. 

It has since been remarked, that the surfaces of two bodies, one of which is 
electrified positively, and the other negatively, may be applied to each other, with- 
out their electricity being destroyed. This is the principle of the electrophorus, an 
electric instrument, invented a few years ago. Nay more, these two surfaces 
applied in this manner, return their electricity much longer ; but it does not mani- 
fest itself when they are separated. Electricity is a mine, which, the more it is 
searched, presents new phenomena difficult to be explained. How this is to be ex- 
pbuned, according to the FrankUnian theory, we do not know ; and, though attached 
to the science we shall not attempt it. 

EXPERIMENT xxa. 

Which proven that electricity acceleratea the course offluide. 

Provide a capillary tube ; or a tube terminating in an aperture so narrow, that 
the water which runs [through it can issue only drop by drop* If this water be 
electrified, you will immediately see it run out in a continued stream. 

llsMABX8.-^On the consequences of this experiment^ and the cures performedt or 
said to he performed^ by electricity. 

It is probable that it was this experiment which gave rise to the application of 
electricity to medicine ; for it was natural to reason in this manner ; as electricity 
aecderates ccnirse of fluids, it is probable that it will accelerate that of tbe blood, 
and of tbe nervous fluid in animals. But there are certain diseases which appear 
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to be merely the consequence of an accumulation of the nenroos such as tlte 
palsy, and different maladies depending on the same cause ; as deafness, blindness, 
&c ; consequently, electricity, by accelerating either the course of the blood, or 
that of the nervous fluid, may remove that accumulation, and so will produce a 
cure of the disease. 

Some physicians therefore began to electrify patients attacked by the palsy ; and 
it must be allowed, as we have the testimony of persons free from every kind of 
suspicion, such as M. Jallabert of Geneva, and others, that the attempt was at- 
tended with some success. It is certain that this celebrated professor, and eitiaen 
of Geneva, if he did not cure radically, at least greatly relieved a person of the 
name of Nogues, aflSjpted with a paralytic disorder. This man, who was incapable 
^f raising up his arm, after being electrified three months, was able to raise up U 
large hammer. 

This cure, which was published in some of the journals, made a considerable 
noise, as may be well supposed ; and a multitude of electricians, in various parts 
of Europe, undertook the cure of paralytics, the dumb, the Mind, &c. We have a 
collection, in three volumes, by M. Sauvages, not of these cures, for there are few 
to which that appellation belongs ; but of the progress of this application of elec- 
tricity. There were some however very well established, such in particular is that 
of a young man of Colchester, to whom Mr. Wilson restored the use of his eye# 
sight, which he had lost after a violent fever. In regard to the greater part of the 
rest, the application was of no effect. 

It cannot however he denied, that on the first application of the electricity, the 
patients in general experienced some relief. Paralytics felt, in the palsied part, a kind 
of heat and pricking, which seemed to announce the return of sensation ; the blbd 
sometimes saw sparks of light ; but in general nothing farther took place, and these 
beginnings, which seemed to promise the greatest success, were not followed by 
happy consequences. 

Some Italian philosophers have asserted something more marvellous. About the 
year 1750 they announced, at Padua, that electricity exalted and attenuated odours 
to such a degree, that they passed through glass ; that purgative drugs put into a 
vessel carefully, and hermetically sealed, produced their effect on the person who 
held the vessel in his hand, while it was electrified. This no doubt would have 
been a noble discovery in medicine ; but unfortunately this pretended discovery, 
announced with great solemnity to all Europe, vanished entirely before the enlight 
ened eyes of the Abbe Nollet, who undertook a journey to Italy to examine it. 
He found, at least, that there was precipitation and misconception in all these fine 
assertions, which could not be realized in his presence. Having repeated the expe- 
riment himself several times, in his closet, he never found that the most penetrat- 
ing odour passed through the pores of a glass vessel, when properly closed, whether 
electrified or not electrified ; and the case was the same with the purgative emana- 
tions of cassia and rhubarb. 

M. le Roy, one of the Prench philosophers, who cultivated this branch of philo- 
sophy with the greatest care, was induced t(f try tlie effects of electricity on tome 
of his patients; the first of whom had been afflicted with a hemiplegia for three 
years ; another with a gutta serena ; and a third with deafness, llie electric mat- 
ter conveyed several times through the palsied parts of the first, seemed in the 
commencement to revive sensation ; the patient perspired a great deal, an effect 
which could not be produced by all the medicines before administered to him. 
After being electrified four or five months, sensation and the power of motiofi re- 
turned to the palsied fingers, and the patient could lay hold of a glats, idid convey it 
to his mouth ; he could even raise a weight of 40 or 50 poflnds \ but tbit com- 
mencement of a cure was all that could he effected ; aifd as the patieilt reemved no 
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•Mtkmal benefit fi^m a continuation of the same treatment^ fbr four monthi niore^ 
it wai laid aside as entirely useless. 

H. le Boy received as little satis&ction in regard to bis blind patient, though, in 
order to free the optic nerve from its obstruction, he had invented an apparatus^ 
by means of which he gave him gentle shocks through the head. Tbe patient, at 
t^ moment of the electric explosion through his head, perceived a flash, but after 
the electricity had been applied some months, M. le Boy became tired, as before, of 
administering a useless remedy. 

The patients labouring under deafness were not more fortunate. M. le Roy 
directed tbe electric fluid from one ear to the other. At each shock a kind of noise 
was heard in tbe head, which one of them compared to all tb^etards of La Gr^ve. 
But the auditory nerves were not cleared, nor was tbe deafness removed. An« 
account of tbe treatment of these patients may be seen in the Memoirs of the 
Academy of Sciences, foi the year 17^. 

We have read, somewhere in tbe Philosophical Transactions, of an intermittent 
fever being cured by electricity. This is not impossible ; as the electricity, by acce- 
lerating the motion of the fluids, might act as a tonic. 

Some years ago, the Abbe Sans, Canon of Perpignan, announced at Paris several 
cures which had been performed in bis country by electricity. He published them in 
a particular work, with various certificates annexed ; but his operations on M. de la 
Condomine, attacked with total insensibility in one half of bis body, and total deaf- 
ness, were attended with no effect. These infirmities indeed had taken root for 
several years, and therefore it would have been unjust to require success in any 
attempt made to remove them. But we never beard that this electrician bad ever 
much success at Paris. 

To conclude, it appears to us that too great hopes were at first conceived in regard 
to the application of electricity to such diseases ; but that it was not entirely 
without effect, and that in recent cases it might be tried with some hope of success. 
The rheumatism, according to M le Roy, seemed to oppose the least resistance to 
tins remedy, which perhaps acted by re-establishing perspiration. He obtained pro- 
fuse sweats to tbe greater part of bis patients. Jn short, there can be no doubt 
that it occasions in tbe human body an universal orgasm, which under certmn drcum- 
stancet might be critical and advantageous. 

EXPERIMENT XXX. 

Natural and Animal Eleetrieity, 

During cold weather, lay hold of a cat, and draw your hand over her back several 
times, in a direction contrary to that of the hair; by these means you will often excite 
very strong sparks, which will emit a snapping noise. 

JSsmarA.^This however is not the only animal which exhibits tbe electric pheno- 
mena by friction : even men, under certain circumstances, emit sparks which are 
absolutely of the same nature. There are few people to whom this circumstance is 
not known by experience. It is during cold winters, and after being well heated, 
that they exhibit this phenomenon. On these occasions, if they throw off thcdr shirt 
in the dark, sparks more or less vivid, and accompanied with a sensiblp quapping, 
will issue ^m it. Some, in consequence of a particular temperament, are more sub- 
jaet to this phenomenon than others. In all probability, these persons are very 
hairy; for hair, as it approaches the nature of silk, is electric by friction; and 
aooqitdii^ to every appearance, it is tbe friction of the dry, warm linen, against the 
hair, which is also dry and worm, that produces this electricity, and the sparks which 
accompany la combiiiga person's hair of a morning, in dry frosty weather, it 
becomes very elmtic, and mlk^ests strong signs of electricity^ 
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luminout appemncitt were formerly detsed among tbe phosphoric pheno- 
mena s but einee the new discoveries in elecMcity, there can be no doubt that they 
belong to the latter. 

It would have been easy for us to enlarge this part of the Philosophical Recrea- 
tions much morO) by introducing into it a great num^r of other curious and surprising 
experiments relating to the theory of electricity : but as we must confine ourselves 
within narrow limits, we shall conclude this part with a list of the principal works to 
which those who are desirous of obtaining a thorough knowledge of electricity may 
recur. Of this kind are ** Essai sur Electriciie de M. I'Abb^ Nollet/* and in particu- 
lar a work entitled “ Recherches sur les Causes particuli^res des Phfinomdnes ^lec- 
triquesiet sur les EffeU nuisibles ou avantageux qu'on peut en attendre," Paris 1754 , 
12mo ; and to these any be added ** Lettres sur TElectricite,” 3 vols. 12mo. Though 
the Franklinian theory seems, in general, to have many more partisans than that of 
the Abh^ Nollet, it must be allowed that tbe latter applied to tbe study of this branch 
of science with the greatest success. Besides the above, we may refer also to Tarious 
memoirs of the same author, in which he discusses the theory of Dr. Franklin, pub- 
lished in the “ Memoires de PAcademie, for 1755 and 1700,” &*c. ; and *• Recherches 
sur les Mouvements de la Mati^re 41ectrique, par M. Doutour,*' 1760, 12mo. These 
are the best of the works in which the theory of the French philosopher is illustrated 
and defended. 

The Franklinian theory was made known for the first time, in France, by a woric 
entitled ** Experiences et Observations sur TEctricite, faites a Philadelpbie en 
Amerique par M. Benjamin Franklin,** Paris 1756, 12mo: translated from tbe 
English. We have since seen an edition of Di . Franklin's works^ in two vols. 4to. ; 
the first of which contains all his experiments, and a great many interesting facts in 
regard to electricity. From these works the reader may soon acquire a sufficient 
knowledge of the theory of electricity. We ought to ad(f also different memoirs of M. 
le Roy, one of the principal partisans of Dr. Franklin, published in the Memoires 
de 1* Academic, for 1754,’* &c. A very interesting work also on this subject, » a 
Treatise by Father Beccaria, entitled "Dell* Electricismo naturale d artificiale,* 
which appealed at Turin in 1759, 4to. It contains experiments which are strongly 
in favour of the Franklinian theory, and a great many new observations concerning 
the electricity of tbe clouds. We must not here omit to mention, that Father 
Beccaria is one of those philosophers who were most successful in cultivating the 
science of electricity, and that he discovered a number of new and very extraordinary 
phenomena. In some of the volumes of tbe Philosophical Transactions, likewise, are 
a great many curious papers on different electric phenomena, by Mr. Nairne and 
Mr. Wilson, Drs. Lind, Watson, &c. ; but it would be too tedious to particularise 
them. 

In the year 1752, a work entitled " Historie de TElectricite,** was published in 
three small vols. duodecimo. The author has collected pretty well every thing that 
had been done or said in regard to electricity before that period ; but intermixed with 
insipid witticisms and illiberal sarcasms. Since that period, however, Dr. Priestly, one 
of the ablest of the English philosopbers, has given a new History of Electricity, 
which is much better and more instructive. A French translation of it appeared at 
Paris in 1771 1 3 vols. 12roo. To these we may add the following works : — Adams's 
Essay on Electricity, 0vo. 1787 : a complete Treatise on Electricity by Cavallo, 
3 vols. 8vo ; and a learned Work on the subject, in 4to. 1779, by Lord Mahon, now 
Earl Stanhope. 

A most excellent Treatise on Electricity, by pr. Roget, Secretary to the Royal 
Society, has recently been published in the Library of Useful Knowledge. 
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To the preoedhif arilelea on Megnetism Electricity, we ihiU here add a ehort 
acooimt of the modem diicoveries in kindred branebee of adence. 

t If we take a plate of zinc z, (Fig. 53.) and one c of 

Fig* 53. copper, and partidly immerte them in diluted salphurie acid, 

keeping their upper edges in contact^ but their lower edges 
apart, we shall fiiid that a continued current of electricity 
passes from the zinc to the acid, from the acid to the copper, 
MKIk HB copper to the zinc, and so on through the 

IHHll copper, and zinc in continued succession, in the same 

* If, instead of joining the metal plates, they be connected 
by a wire, as in Fig. M, the saroe^ect will be produced. 
Ftg. 54. The course of the electric current will be, in the 

t -— ^ fluid from the zinc towards the copper, from the cop- 

/ 7 ii Ic through the wire to the zinc, &c. By separating 

f Ml \ current may be passed through 

I I anybody which it may be wished to subject to its 

IrVn f HI t action. The direction of the current is indicated by 

\ li 'I h T HH arrows. When united, the wire w, proceeding 

\ 'iulSj, it fro™ ^^® copper, is imparting electricity to x, which 

y is in connection with the zinc plate. The wire w is 
therefore considered as being in a positive and x in 
a negative state of electricity. Either of these 
arrangements is called a galvanic circle. * 

Though the electrical effects of this simple apparatus are in general very feeble, 
it has been found possible, by a small apparatus of this kind to exhibit some of the 
more energetic effects of gaftanisra. In Dr. Thompson’s Annals of Philosophy, Dr. 
Wollaston has described what he calls an elementary buttery, by which he raised the 
temperature of a slender piece of wire to a red heat. 

The following is Dr. W.’s description of the miniature instrument : 

" The smallest battery I have formed of this construction consisted of a thimble 
without its top, flattened till its opposite sides were about ft of an inch asunder. The 
bottom part was then nearly one inch wide, and the top about ft, and as its length 
did not exceed ft of an inch, the plate of zinc to be inserted was less than ] of a square 
inch in dimensions. 

Previously to insertion, a little apparatus of wire, through which the communica- 
tion was to be made, was soldered to the zinc plate, and its edges were then coated 
with sealing wax, which not only prevented metallic contact at those parts, but 
also served to fix the zinc in its place, by beating the thimble so as to melt the wax. 

“A piece of strong wire, bended so that its two extremities could be soldered to the 
upper comers of the flattened thimble, served both as a handle to the battery, and as 
a medium to which the wires of communication from the zinc could be soldered. 

The conducting apparatus consisted, in the first place, of two wires of platina about 
ft of on inch in diameter, and one inch long, cemented together by glass in two parts ; 
so that one end of each wire was united to the middle of the other. These wires 
were then turned, not only at their extremities for the purpose of being soldered to 
the zinc and to the handle, but also in the middle of the two adjacent parts for re- 
ceiving the fine wire of communication. 

** One inch of silver wire of an inch in diameter, containing platinum at its ceri- 
tre ft part of the silver in diameter, was then bended so that the middle of the platina 
would be freed from its coating of silver by immersion in dilute nitrous acid. The 
portion of silver remaining on each extremity served to stretch the fine filament of 
platina across the conductors during the operation of soldering ; a little sal-ammo- 
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niae bting tbea placed cm tbe poinii of contact, the soldering was effected without 
difficulty, ahd the two loose ends were readily removed by the silver attached to 
them. 

** It should here be observed, that the two parallel conductors cannot be too near 
each other^ provided they do not touch, and that, on this account, it is expedient to 
pass a thin die between them, (previously to soldering on the wire) in order to 
remove the tin from the adjacent surface. The fine wire may thus be made as short 
as from A length ; but it is impossible to measure this with preci- 

sion, since it cannot be known at what points the soldering is in perfect contact. 

** The acid which 1 have employed with this battery consists of one measure of sul- 
phuric acid, diluted with about 50 equal measures of water ; for though the ignition 
effected by this acid is not permanent, its duration for several seconds is sufficient for 
exhibiting the phenomena, and for shewing that it does not depend upon mere contact, 
by which only an instantaneous spark should be expected. 

** Although in this description I have mentioned a wire ^ of an inch in diameter, 1 
am doubtful whether this thickness is the best. I am, however, persuaded that no. 
thing is gained by using a finer wire ; for though the quantity 6f matter to be heated 
is thus lessened, the surface by wbiehit is cooled does not diminish in the same ratio, 
so that where the cooling power of the surrounding atmosphere is the principal obsta- 
cle to ignition, a thicker wire, which conveys more electricity in proportion to iU 
cooling surface, will be more heated than a thin one ; a fact which 1 not only ascer- 
tained by trials on these minute wires, but afterwards took occasion to confirm on 
the largest scale, by means of the magnificent battery of Mr. Children, in the sum- 
mer of 1813.” 

By increasing the size of the plates, batteries of this kind have been constructed, 
capable of producing very powerful efifects. 

Many eflfects of galvanism require for their production the Combined influence of 
several pairs of plates, arranged so as to form what has been called a compound galva- 
nic circle. 

Let there be taken an equal number of silver coins, round pieces of zinc, and cir- 
cular discs of paper, somewhat smaller than the metallic ones, but soaked in salt 
water. Of these form a pile, beginning with silver s, then zinc z, then card c, and so 
on ; 8, z, c, successively, as often as you think proper, finishing however with z. If 
then the uppermost disc be touched with the finger of one hand, previously wetted, 
while a finger of the other hand, also wetted, touches the lowest disc, a distinct 
shock will be felt similar to that from a Leyden phial, or still more resembling that 
fiom a vveakly charged electric battery. By retouching, as often and as quickly as 
you please, a succession of shocks is received ; the strength being greater, the greater 
the number of plates ; and the direction of the fluid is from the zinc at the top of the 

Another arrangement was adopted by Volta. 
Taking a number of glasses filled with an acid or 
saline solution, be placed in each a plate of zinc 
and a plate of copper (or silver) connecting them 
as in Fig. 55. The course of the electric current 
is from the last plate of copper on the right 
through the zinc plate outside, and the wires, to 
the copper c on the left ; the end of the battery 
terminated by the zinc plate — being that from 
which the electricity is given out to the wire— 4s, 
consequently, the positive end or pole of the battery ; and the opposite end, terminat- 
ed by a copper plate, is the negative pole. 


pile, to the silver at the bottom. 
Bg. 55. 
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In tbe pile described abore the sine also is the positive, and the silver or copper 
the negative pole. 

The apparent discordance between tbe direction of the electric current in the 
and the compound galvanic circles is explained by the consideration that in the 
former the conducting wire communicated directly with the plate which is immersed 
ill tbe fluid ; but in the latter it proceeds, not from the immersed plate, but from one 
outside associated with it, and therefore of a different kind. 

The form of the galvanic battery has been variously modified, according to the 
views of experimenters ; but in the space to which we must confine ourselves we 
have not room for further details. 

A striking difference observable between electricity, as excited by galvanism, or as 
produced by friction of electric or non-electric bodies, is, that though the action 
of the latter, while it lasts, may have any degree of energy, that energy is exerted 
only for an instant ; it is accumulated by degrees, and is discharged at once ; and the 
effect of the discharge is beyond the control of tbe operator ; while in galvanic (or 
Voltaic) electricity, the battery continues to supply while in action, uninterruptedly 
and indefinitely, vast quantities of electricity, which is not lost by returning to its 
source (the earth), but circulates with undiminished force in a perpetual stream. 
The effect of this continuous current in bodies subject to its action is therefore more 
definite ; and as it increases with the time, it may at length acquire a force incom- 
parably greater than even that produced by electric explosion. 

But the intentity of electricity developed by galvanic combinations is increased 
according to the number of alternations in the elements which form those combina- 
tions ; and is totally independent of the extent of surface exposed to tbe action 
of the fluid in which the plates are immersed ; though the quantity developed in a 
given time is greater, the more extensive that surface is. 

If the Voltaic battery is of sufficient size, its electricity may be transferred to 
a common electric battery, by connecting the inner and outer coatings of the electric 
battery respectively with the poles of the Voltaic one, when the charge will be 
instantly communicated to the former. On removing the Voltaic battery, this com- 
municated electricity may be discharged ; and on renewing tbe communication, a 
similar charge will be received ; and the same process may be repeated indefinitely. 
Instead of removing the Voltaic battery, we may allow it to remain connected with 
the electric battery, when a rapid succession of sparks may be obtained from it by 
connecting a wire with the outer coating, and presenting the other end of tbe wire to 
the knob of the phial. If the Voltaic battery is very powerful, these rapid explo- 
sions are so powerful as to throw tbe iron wire into a state of intense combustion. 
With a series of a thousand plates, each spark, or discharge, is attended with a sharp 
aound, and will bum thin metallic leaves. It is remarkable that this often happens 
when tbe same Voltaic battery has net power to produce such effects by itself, 
unconnected with the electrical battery. The Voltaical battery imparts in an inUant 
to tbe electrical one the whole of the charge it is capable of communicating. 

When a Voltaic battery is composed of a considerable number of alternations 
of plates, on bringing together the wires from the opposite poles, the transfer 
of electricity begins while they are at a sensible distance from each other, and is 
accompanied, as in ordinary electricity, by vivid light ; the sparks occurring every 
time the contact is broken, as well as when it is renewed. 

We extract tbe following interesting paragraph from tbe article Galvanism, in tbe 
Library of Useful Knowledge j recommending, at the same time, the article itself to 
the attention of our readers. 

** The most splendid exhibition of electric light is obtained by placing pieces 
of charcoal, shap^ like a pencil, at the end of two wires, in the interrupted Voltaic 
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circuit. When the experiment was tried with the powerful battery of the Royal 
Institution, a bright spark passed between the two points of charcoal, when they 
came within the distance of about the thirtieth of an inch ; and immediately after- 
wards more than half of each pencil of charcoal (the length of which was an inch, 
and the diameter one sixth of an inch), became ignited to whiteness. By withdrawing 
the points from each other, a constant discharge took place through the heated air, 
in a space of at least four inches, forming an arch of light in the form of a double 
cone, of considerable breadth, and the most dazzling brilliancy. Any substance in- 
troduced into this arch instantly became ignited; platina melted in it, as wax in the 
flame of a candle; quartz, the sapphire, magnesia, lime were fused; fragments 
of diamond, charcoal, and plumbago, seemed converted into vapour, apparently with- 
out having undergone previous fusion." 

A battery of a hundred pairs of plates, of six inches square, will exhibit these 
phenomena on a smaller scale. Chaicoal prepared from the harder woods is to be 
preferred. 

Light thus obtained from voltaic electricity is the most intense that art has yet 
produced. It often assumes in succession different prismatic colours, and exhibits 
some of the rays which are deficient in the solar beams. Its brightness distresses 
the eye, even by a momentary impression, and effaces the light of lamps in an apart- 
ment otherwise brilliantly illuminated, so as to leave an impression of darkness on 
the sudden cessation of the galvanic light. 

The light is given out with equal splendour whether the experiment is made in 
air or in gases which contain no oxygen ; such as azote or chlorine ; it is therefore 
independent of combustion, and it is found too, that during the ignition neither the 
gas nor the charcoal undergoes any chemical change. 

In common electricity, heat is not evolved when the fluid passes freely through 
a conducting substance, but only when some resistance is opposed to its passage, 
and then its equilibrium is suddenly restored by an effort accompanied with light, 
heat, and sound. But in using the voltaic battery, heat is evolved when the con- 
nection is perfect, and the stream of electricity is conducted from one pole to the 
other in the most silent manner. If the connecting wire pass through water con- 
tained in a vessel, the water becomes heated even to boiling ; and the ebullition 
continues as long as the connecting wire passes through the vessel. Even the bat- 
tery itself is heated when the apparatus is in an active state. 

As was reinaiked of the light produced by voltaic agency, so it may be said of heat 
produced by it, that it is more intense than any other which art has yet produced. 

We shall now advert to a few of what may be called the magnetic effects of vol- 
taic electricity. 

Let the poles of a powerful voltaic battery he connected by a metallic wire, a 
part of which is made straight. Take a magnetic needle nicely balanced on its 
pivot, and allowing it to settle in the magnetic meridian, bring over and parallel to 
it the aforesaid straight part of the rod in the galvanic circuit, and it will be found 
that the needle will Instantly change its position, its ends deviating from their 
natural position, towards the east or west, according to the direction of the elec- 
tric current in the wire ; so that by reversing the direction of the current, the devia- 
tion of the needle is also reversed, the end of the needle next the negative pole of 
the battery being always deflected towards the west. 

The deviation of the needle is the same while the uniting wire is parallel to the 
needle and above it ; even when it is not directly over it, but the direction of the 
deviation is reversed when the uniting wire is parallel to and below the needle. 

If the wire is not parallel to the needle, various phenomena both with respect 
to deviation and dip are presented; but for an account of these phenomena we 
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must refer to works on this comparatiFely new branch of science, and conclude with 
a short account of Electro Magnetic Induction, 

During the passage of an electric current through a conducting wire, it tends 
to induce magnetism in such bodies in its Fidnity, as are capable of being excited. 
The connecting wire in action has a sensible attraction for iron filings, which it 
holds in suspension like an artificial magnet, while the electric current circulates 
through the wire ; but the moment the galvanic circuit is interrupted, the filings 
fall off. 

Mr. Watkins of Charing Cross, a most successful cultivator of this branch of 
science, first noticed that if a thick copper wire be extended between the poles of 
a voltaic battery, and some fine iron filings be gently sifted upon it, they adhere to 
the wire all round in distinct transverse bands, the particles of which cohere as long 
as the current is maintained. On a broad and thin copper ribbon, substituted for 
the wire, the filings arrange themselves in parallel bands across the ribbon. 

To try whether steel might not receive permanent magnetism from voltaic action, 
Sir Humphrey Davy fastened several steel needles in different directions by fine 
silver wire, to a wire of the same metal about the thirtieth of an inch in thick- 
ness, and eleven inches long, some paiallel, others transverse, above and below, 
in different directions, and placed them in the electrical circuit of a battery of 
thirty pairs of plates, each of 45 square inches, and tried their magnetism by iron 
filings. They were all magnetic. Those that were parallel to the wires attracted 
filings in the same way as the wire itself ; but those in transverse directions had each 
two poles. All the needles that were placed under the wire, when the positive end 
of the battery was cast, had their north poles on the south side of the wire, while 
those that were placed over the wire had their south poles to the south, whatever 
was the inclination of the needle to the horizon. On breaking the connection all 
the steel needles that were on the wire in a transverse direction retained their 
magnetism, which was as powerful as ever; while those that were parallel to the 
silver wire appeared to lose it at the same time as the wire itself. 

Contact with the wires was not necessary for magnetising the needle, the effect 
being produced instantaneously by mere juxta-position of the needle in a transverse 
direction, even through a thick pane of glass. 

The efficacy of electric magnetic induction is greatly increased by placing the 
needle or bar to be magnetised within a helix of wire, as represented in Fig 56. It 
is not necessary that the bar should be placed in the 
axis of the helix, as it may lie in any situation within 
it, or be enclosed in a tube of glass, which will also be 
convenient as a support for the coils of wire, and for 
the introduction of different needles in succession. 
The needle should not be allowed to remain more 
than a moment in the tube; for the magnetising 
effects of the helix are produced almost instan- 
taneously ; and it has been observed, that a needle left in the helix for a few minutes 
sometimes has its first acquired polarity impaired, or even destroyed. 

If the needle to be magnetised is not very hard, its whole length need not be in- 
serted in the glass tube ; for if held in the hand, so that only one half of it is within the 
helix, it will become equally magnetic with one that has been wholly acted upon. It 
will be understood that the ends of the helix p and p are connected with the two poles 
of the galvanic battery. The two cups at p and p have a little mercury put in them, 
to render the contact with the wires from the battery and the helix more complete. 

A very powerful temporary magnet may be obtained by bending a thick cylinder 
of soft iron into the form of a horse shoe, and surrounding it with a coil or helix of 
thick copper wire ; the coils being prevented from touching each other by a covering 


Fig, 5G. 
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of silk or some other non-conducting material. When this wire is made part of the 
galvanic current of a battery, even of moderate power, the iron is rendered so highly 
magnetic that it will lift up a very heavy weight by means of a piece of iron applied 
to its poles, which acts precisely for the time like those of a horse-shoe magnet. 

Fig. 57. exhibits an arrangement of this 
Hp. 57. kind, w uf being the two ends of the wire 

coiled round the iron to be magnetised, 
and bent so as to dip into the cups, f and 
N, for forming connexions with the battery. 

More recent discoveries in this branch 
of science have gone far to show that 
light, electricity, and magnetism are essen- 
tially the 8ame,<but developed under dif- 
ferent circumstances. We have seen that 
galvanism produces electricity, and that 
both are capable of imparting to iron the 
magnetic properties of attraction and 
polarity ; and perhaps the most singular of ail the discoveries that have been made 
with reference to these subjects is, that magnetism, under certain circumstances, is 
capable of exciting electric action, to produce electric sparks, and even a continuous 
stream of electric fluid. 

But we must here close our brief notice of this interesting subject ; and refer our 
readers to works which are expressly devoted to its discussion. 

ELECTROTYPE. 

A most unlooked-for and wonderful application of voltaic electricity has recently 
been made. We copy the following account of it from the “ Athenseum Journal** 
of October 20tb, 1839 ; merely remarking that the applications of the principle which 
have since been made fully justify the anticipations of the journalist. 

** We lately published M. Jacobi’s letter to Mr. Faraday, in which he described his 
attempts to copy in relief engraved copperplates, by means of voltaic electricity. We 
have since received a communication from Mr. Thomas Spencer of Liverpool, from 
which it appears that that gentleman has for some time been independently engaged 
on the same subject ; and that be has not only succeeded in doing all that M. Jacobi 
has done, hut he has successfully overcome those difficulties which arrested the pro- 
gress of the latter. It is unnecessary here to enter on the question of priority between 
these gentlemen. To Mr. Spencer much credit is certainly due for having investi- 
gated, and successfully carried out, an application of voltaic electricity, the value 
of which can hardly be questioned. The objects which Mr, Spencer says he pro- 
posed to effect were the following ; ‘ To engrave in relief upon a plate of copper — ^to 
deposit a voltaic copper-plate, having the lines in relief— to obtain a facsimile of 
a medal, reverse or obverse, or of a bronze cast — to obtain a voltaic impression from 
plaster or clay — and to multiply the number of already engi*aved copper-plates.' The 
results which be has obtained are very beautiful ; and some copies of medals which 
he has forwarded to us are remarkably sharp and distinct, particularly the letters, 
which have all the appearance of being struck by a die. 

Without entering into a detail of the steps by which Mr. Spencer brought his 
process to perfection, many of which are interesting,^ as shewing how slight a cause 
may modify the result, we shall at once ^ve a description of bis process. 

** Take a plate of copper, such as is used by an engraver ; solder a piece of copper 
wire to the back part of it, and then give it a coat of wax ; this is best done by beat- 
ing the plate ^ well as the wax ; then write or draw the design on the wax with a 
black lead pencil or point. The wax must now be cut through with a graver or steel 
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point, taking special care that the copper is thoroughly exposed in every line. Th^ 
shape of the tool or graver employed must be such that the lines made are not V 
shaped, but as nearly as possible with parallel sides. The plate should next he im- 
mersed in diluted nitric acid; say thre^ parts water to one of acid : it will be at once 
seen whether it is strong enough, by the green colour of the solution and the bubbles 
of nitrous gas evolved from the copper. Let the plate remain in it long enough for 
the exposed lines to get slightly corroded, so that any minute portions of wax which 
might remain may be removed. The plate thus proposed is then placed in a trough 
separated into two divisions hy a porous partition of plaster of Paris or earthenware ; 
the one division being filled wdth a saturated solution of sulphate of copper, and the 
other with a saline or acid solution. The plate to be engraved is placed in the divi- 
sion containing the solution of the sulphate of copper, and a plate of zinc of equal 
size is placed on the other division. A metallic connexion is then made between the 
copper and zinc plates, by means of the copper wire soldered to the former ; and the 
voltaic circle is thus completed. The apparatus is then left for some days. As the 
zinc dissolves, metallic copper is precipitated from the solution of the sulphate on the 
copper -plate, wherever the varnish has been removed by the engraving tool. After 
the voltaic copper has been deposited in the line engraved in the wax, the surface of 
it will be found to be more or less rough, according to the quickness of the action. 
To remedy this, rub the surface with a piece of smooth flag or pumice stone with 
water. Then heat the plates, and wash oif the wax ground with spirits of turpentine 
and a brush. The plate is now ready to be printed from at an ordinary press. 

“ In this process, care must be taken that the surface of the copper in the lines be 
perfectly clean, as otherwise the deposited copper will not adhere with any force, hut 
is easily detached when the wax is removed. It is in order to ensure the perfect 
cleanness of the copper, that it is immersed in diluted nitric acid. Another cause of 
imperfect adhesion of the deposited copper Mr. Spencer has pointed out, is the pie- 
sence of a minute portion of some other metal, such as lead, which, by being preci- 
pitated before the copper, forms a thin film, which prevents the adhesion of the sub- 
sequently deposited copper. This circumstance may, however, be turned to advan- 
tage in some of the other applications of Mr. Spcaicer’s process, where it is desirable 
to prevent the adhesion of the deposited copper 

** In copying a coin or a medal, Mr. Spencer describes two methods : the one is by 
depositing voltaic copper on the surface of the metal, and thus forming a mould, from 
which iac-similes of the original medal may readily be obtained by precipitating cop- 
per into it. The other is even more expeditious. Two pieces of clean milled sheet- 
lead are taken, and the medal being placed between them, the whole is subject to 
pressure in a screw-press, and a complete mould of both sides is formed in the lead, 
shewing the most delicate lines perfect (in reverse.) Twenty, or even a hundred of 
these, may be so formed on a sheet of lead, and the copper deposited by the voltaic 
process with the greatest facility. Those portions of the surface of the lead which 
are between the moulds may be varnished, to prevent the deposition of the lead ; or 
a whole sheet of voltaic copper having been deposited, the medals may be afterwards 
cut out. When copper is to be deposited on a copper mould or medal, care must be 
taken to prevent the metal deposited adhering. This Mr. Spencer efifects by heating 
the medal, and rubbing a small portion of wax over it. This wax is then wiped ofiT, a 
sufficient portion always remaining to prevent adhesion. 

** Enough has been said to enable any one to repeat and follow up Mr. Spencer’s 
interesting experiments. The variations, modifications, and adaptations of them are 
endless, and many new ones will naturally suggest themselves to every scientific 
reader ; and for their gratification, the medals produced by this process, and for- 
warded to US by Mr. Spencer, will be left with our publisher for some days, and open 
to inspection.** 
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CHEMISTAT. 


Those who are only initialed in Chemistry must conceive an idea of this science very 
different from that which is entertained by the vulgar. According to the common class 
of mankind, Chemistry is the chimerical art of transmuting metals, or at most of pro- 
ducing some extraordinary phenomena, rather curious than useful. But in the eyes of 
the philosopher, to whom it is known, it is the most extensive and most interesting 
of all the branches of natural philosophy. We may even venture to assert, that it is 
doubtful whether the appellation of a great philosopher can be given to any person 
unacquainted with chemistry. It is at least certain, that though without its assistance 
we can account for some of the phenomena of nature, such as the motion of the 
celestial bodies, the effects of the gravity of the air, &c. ; yet there are a far greater 
number which can be explained by chemistry alone. Indeed chemistry is not less 
extensive than nature itself. Animals, vegetables, and minerals, all fall within its 
province. It is it that analyses them, combines their principles, examines the pheno- 
mena resulting from them ; and thus renders us more intimately acquainted with 
their nature. Hence are deduced a multitude of useful processes ; so that it may 
with truth be said, that many of the arts are nothing else than a continual application 
of chemistry. Of this kind are the arts of glass-making, dyeing, metallurgy, &c. 
We may even add, that the most common of the arts, those that are most necessary, 
are often chemical processes ; such, for example, is that of washing ; respecting the 
truth of which the person who practises it entertains no doubt; though still it is an 
operation which chemistry alone can explain. This explanation consists in the pro- 
perty which fixed alkalies have of rendering fat substances soluble in water, and of 
forming a soap with them. Those who know that one of the first operations of this 
art is to soak the linen in a sort of ley, made of wood ashes or vegetable fixed alkali 
(pot-ash), will readily be convinced of the truth of what we have advanced. In this 
pnit of our work we need not adduce any other examples. 

Chemistry also, of all the branches of philosophy, exhibits the most singular and 
most curious phenomena. Who will not be astonished to see iron filings, immersed 
in a liquid as cold as itself, immediately produce a violent ebullition, and vapours 
susceptible of inflammation ? Can any one, without admiring the operations of 
nature, see this metal, so solid, afterwards destroyed in some measure by the above 
fluid, and united with it in such a manner as to pass with it through the closest 
filtre ? Who will not be filled with wonder, on seeing another limpid liquor sud- 
denly dissolve this union, and cause the iron to fall to the bottom of the vessel, in 
the form of an impalpable powder ? It is needless, and would require too much time, 
to enumerate here any more of these phenomena, as wc shall hereafter give a parti- 
cular account of those that are the most remarkable and most interesting. But it 
will first be necessary to bring the reader acquainted with the principal substances 
employed as agents in these operations. 
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ARTICLR I. 

Of Saks, 

The n&me of Salts, or saline matters, is given to all those bodies which, when 
immersed in water or exposed to damp air, resolve themselves into liquids : of this 
we have ai\ example in the well known marine salt, in nitre or saltpetre, in alum, 
vitriol, tartar, sal ammoniac, &c. When immersed in water, these disappear, and 
become intimately mixed with the whole liquor. This is what is called solution or 
dissolution. 

Salts, to be dissolved entirely, require a greater or less quantity of water, accord- 
ing to the nature of them. Marine salt, to be dissolved entirely, requires twice its 
weight of water; alum, twelve times its weight; selenite, six or seven hundred 
times, &C. 

Though acids, alkalies, and their mixtures, generally speaking, are called saline 
substances, it is necessary in chemistry to consider them separately, in order to 
obtain a knowledge of their principal properties. 

SECTION I. 

Of Acids, 

We shall not here say, with the author of the “ Dictionnaire de Physique por- 
tatif,’* • and some of the old chemists, that an acid is formed of long, sharp, and 
cutting particles ; for nothing is more destitute of foundation ; and by the help 
of such a definition it would be impossible, in an apothecary’s shop, to distin- 
guish an acid fiom an alkali, or from a neutral salt. The following is a more 
correct description. 

Acids in general have a liquid form, and leave on the tongue an impression of 
sourness and coldness. They possess also the property of changing the colour of 
blue vegetable juices to red ; and they combine readily with alkalies, earths, and 
metals, with which they form neutral salts. 

' To try an acid by vegetable colours, take sirup of violets, or blue paper, and 
pour the liquid acid over it ; the violet or blue colour will soon assume a red 
hue. When any liquid therefore, poured over sirup of violets or blue paper, 
changes the colour to red, we may be assured that it is an acid, or that an acid 
predominates in it. 

Acids arc by modern chemists divided into mineral, vegetable, and animal, ac- 
cording as they are derived from one or the other of these sources. 

The old chemists were acquainted with no more than three mineral acids, namely, 
the vitriolic, the nitric, and the marine, so called because obtained from vitriol, nitre, 
and marine salt. The mineral acids now known are much more numerous. The 
principal of these acids are the sulphuric or vitriolic, the nitric, the muriatic or 
marine, the carbonic, the boracic, the fluoric, the succinic, the arsenic, the molybdic 
and the tungstic. ’ 

The vegetable acids are also now pretty numerous. The following are known ; 
the acetic acid, or pure vinegar ; the tartareous, extracted from tartar ; the gallic, 
from gall-nuts ; the citric, from lemons ; the malic from apples ; the benzoic, from 
flowers of benjamin ; the camphoric, from camphor oxygenated to acidity ; the pyro- 
tartareous, the pyroligneous, and the pyromucous. 

The three last mentioned, however, have been proved to be merely acetic acidi 


* According to this author, iron is composed of yitriol, sulphur, and earth ; fermentation is a move- 
ment occasioned by the introduction of acids into alkalies ; when alkalies coagulate they form crys- 
tals ; sulphur is an inflammable mixture composed of fire, oil, water, and earth ; copper is a com- 
pound of sulphur, vitriol, &c. II 
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rendered impure by empyreumatic oil ; and ought therefore to be no longer considered 
as distinct acids. 

The followbg animal acids are known : the phosphoric, or phosphorus and oxygen 
in union to saturation ; the lactic, obtained from milk ; the saccholactic, extracted 
from sugar of milk ; the formic, from ants ; the sebacic, from fat ; the bombic, from 
silk-worms ; the uric, from the human calculus ; the prussic> which is the colouring 
matter of Prussian blue. % 

Acids formerly were considered either as simple bodies, or various hypotheses were 
admitted in regard to their origin and composition. It is now however proved by ex- 
experiment, that every acid consists of a peculiar body combined with oxygen, which 
is the basis of oxygen gas, and thence has been called oxygen, that is the generator 
of acidity. The bodies which enter into union with oxygen, and form acids, are 
called the radicals, or bases of the respective acids, which they constitute. 

When the bases are perfectly saturated with oxygen, the acids are called perfect 
acids, and are denoted by the termination tc, to distinguish them from the imperfect 
acids, in which the bases predominate, and to which the termination ous is given, 
lienee we have nitric and nitrous, sulphuric and sulphurous acids, &c. 

Some bases can combine witli an excess of oxygen ; the acids thence resulting are 
called oxygenated or oxygenised. 

Of the Vitriolic Acid. 

The vitriolic or sulphuric acid, the most powerful of all, is furnished by vitriol 
cither green or blue, or by alum ; for vitriol is a salt formed mciely by the combina- 
tion or union of uu acid with iron and copper ; alum, in like manner, is the combi- 
nation of an acid with ai'gillaccous earth ; and the acid in these three substances is 
absolutely the same. 

It will be sufficient here to observe, that the acid is extracted by means ot fire. 
These matters are inclosed, with certain precautions, in a retort, and being exposed 
to a strong fire, the violence of the heat obliges the acid, which is susceptible of being 
reduced to vapour, to abandon the metal or earth, to which it was united, and to 
pass over into the receiver in the form of a liquid. 

Another method, still more simple, of obtaining the vitriolic acid, is by the com- 
bustion of sulphur ; for it has this substance for its base, and on that account it is 
now known by the name of the sulphuric acid. 

If sulphur be burnt slowly under a bell glass, the fumes arising from it will be 
condensed on the interior surface of the vessel, and run down in the form of a liquid, 
which will be an acid with an excess of base, that is sulphurous acid. In this pro- 
cess, the sulphur, by its combustion, receives oxygen from the atmospheric air, which 
is a mixture of oxygen gas and azotic gas, and at the same time moisture, which 
enables it to assume the liquid form. 

In the large way of manufacture, the sulphuric acid is obtained by burning sul- 
phur, with the addition of a little nitre, in an apartment lined all round with lead, a 
metal on which that acid exercises little or no action. The floor is covered to some depth 
with water, and the aperture or door is shut as soon as the materials are inflamed. 
The nitre is employed to facilitate the combustion. The nitric acid, one of the 
principles in the nitre, is in a great measure decomposed, and gives up its oxygen to 
the sulphur, which by this supply, and the oxygen it derives from the air in the 
room, becomes acidified. When the combustion is over, and the fumes have huif 
sufficient time to be absorbed by the water in the apartment, the door is opened to 
admit a fresh supply of air, and to introduce a new charge of sulphur and nitre, 
which is deflagrated as before. This operation is successively repeated for several 
weeks, till the water, now mixed with acid, is found by examination to be of a certain 
specific gravity. The fluid is then distilled or simply boiled, which drives oflf a por- 
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tion of the redundant water, and leaves the acid in a concentrated state. When this 
is properly done, its weight is equal to about double the weight of an equal volume 
of water. 

The sulphuric acid of commerce is never quite pure ; always containing a portion 
of sulphate of lead and sulphate of potash. The former comes from a partial disso- 
lution of the lead in the chamber in whicli it is made, and the latter from the nitre 
used in th^ process. 

The vitriolic acid is the most powerful of all, and is able to separate all the 
others from their combinations with alkalies, earths, and metals. In a subsequent 
article we shall give some experiments to illustrate this chemical play, which is ex- 
ceedingly curious, and the cause of a thousand singular etfects in nature. 

Sulphurous and, like sulphuric, is a combination of sulphur and oxygen ; having 
less of oxygen, or more sulphur, than sulphuric acid. In the gaseous state it is 
invisible, but of a strong suffocating smell. It is readily absorbed by water, and 
then forms liquid sulphurous acid. It unites with various bases, forming the salts 
called Sulphites, 


Of Carbonic Acid. 

Carbonic acid is a combination of carbon and oxygen, there being in it 27*5 parts 
of carbon to 72 5 of oxygen. In a state of vapour, it is invisible, and unfit for com- 
bustion or respiration. By pressure, water may be made to absorb three times its 
bulk of this gas ; and it imparts to the water an acidulous and not unpleasant taste. 
In the proportion in which it exists in atmospheric air, it is favourable to the growth 
of vegetables ; hut in a large proportion it is highly injurious. In combination 
with earth, alkalies, and metallic oxides, it forma \vith them salts called Carbonates, 

Carbonic acid gas is found in abundance in many natural waters, as those of Pyr- 
mont, Spa, and Selzer. Various imitations of these pleasant waters, sold under the 
names of single and double soda water, are manufactured by houses in London, 
equal in every respect to the natural w’atcrs imported from the continent. 

Of the Nitrous Acid. 

Nitre or saltpetre, a substance well known, furnishes the nitric acid. Saltpetre 
indeed is the result of the union of this acid with a matter to which chemists give 
the name of fixed vegetable alkali, because the ashes of vegetables yield the same 
substance. They are separated from each other by processes which it is not our 
object here to describe ; and in this manner is obtained the liquor called nitrous acid ; 
from which the nitric and is procured merely by separating, by means of heat applied 
to it in a proper apparatus, that portion which has not been fully saturated with oxygen. 
It is lighter, and in general less active than the vitriolic acid. It is commonly of a 
dark yellow colour ; and when well concentrated, continually emits reddish vapours, 
which seem to circulate in the vessel that contains it. The ratio of its weight to 
that of water is then as 3 to 2. 

The nitrous acid, when in a moderate state of concentration, is called also aqua- 
fortis. It is the proper solvent of silver and copper. When fully saturated with 
, oxygen, or in the state of nitric acid, it is colourless. 

Nitric oxide gas is formed by depriving nitric acid of some portion of its oxygen. 
It is obtained by putting some diluted nitric acid into a retort, and then adding to it 
some bits of copper, iron, silver, or some other metal. The metals are dissolved by 
the acid, and a gaseous product is obtained, which is nitric oxide gas. It does not 
possess acid properties, and if inhaled it is destructive to animal life. If suffered to es- 
cape into the air, it attracts oxygen, and a red vapour is formed, which is nitrous acid gas. 

When nitrous oxide gas is received into the lungs, it does not at once prove fatal, 
because it meets there, and is diluted with the atmospheric air which is present in 
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that organ. The nensationa produced by it are highly pleasurable. Great exhilara* 
tion, an irresistible propensity to laughtert a rapid flow of vivid ideas, and a propen- 
sity for jumping and other muscular exertions, are its ordinary efiects. It has there- 
fore been called laughing ga». We would however advise all who desire to eschew 
apoplexy, to resort to other means of exciting pleasurable sensations. 

Nitric acid may be used to determine whether an instrument is made of steel or 
wrought iron. For a drop of the acid let fall on steel will, when it has dried, leave 
a black mark ; but not if dropped upon iron. 

Of the Marine or Muriatic Acid* 

Marine salt, so generally employed, and so well known, is the substance from 
which the marine acid is extracted ; for common salt is a combination of this acid 
with a substance called by chemists the fixed mineral alkali^ or soda. They are 
separated from each other by certain processes, and the liquor thence resulting is 
marine or muriatic acid. 

The marine acid has characters and properties, which render it very distinct from 
the preceding ones. In its highest state of concentration, it is only a little 
heavier than water, being in the ratio of about 19 to 17. Its colour is a lemon 
yellow, and its smell approaches to that of saffron. 

Of Fluoric Acid. 

Fluoric acid is of a very peculiar nature ; it is found in fiuor spar. It is obtained 
by pouring sulphuric acid upon the powdered spar in a leaden retort, and applying a 
gentle heat ; the sulphuric repels the fluoric, and unites with the lime in its stead. 
The gas evolved is condensed in water to form liquid fluoric acid. To preserve the 
liquid acid, it must be kept in bottles lined on the inside with wax dissolved in oil ; 
or in vessels of lead or platina. It dissolves silica, so that it cannot be kept in a 
glass vessel. 

If the surface of a pane of glass be covered with wax, and a drawing of any kind 
be made upon it by cutting out the wax with proper instruments, — and the piece being 
put into a leaden receiver, and the gas disengaged from fluor spar by an Argand 
lamp thrown upon it, the drawing made on the glass will be etched in, and the 
drawing will be as permanent as the glass itself. 

This acid is also used for destroying the polish on glass for lamp shades^ &c. 

Remark. — To enter into a particular account of all the mineral acids, would re- 
quire more room than the nature of this work will admit ; and it is the less ne- 
cessary, as information respecting them may be found in almost every work on 
chemistry. 


Of the Vegetable Adds. 

The preceding remark must be applied also to this class of acids, as we mean to 
confine ourselves to the acetous, which is well known. Vinegar may be deprived 
of its superfluous water in a great many different ways ; and in this state its strength 
is little inferior to that of many of the mineral acids. 

The following is a simple method of concentrating it. Expose vinegar to the 
severe cold during winter : it will then in part freeze, and if the ice be removed 
the remainder will be vinegar of a much superior quality. By repeating this opera- 
tion several times, you will obtain vinegar more highly concentrated, as the cold has 
been more intense. Artificial cold may be afterwards employed, and in a much 
greater degree than the greatest cold ever experienced in our climates. 

If vinegar be mixed with charcoal dust, and exposed to a strong heat in a distill* 
ing apparatus, the water will be first thrown off when a boiling heat is attained; 
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mid then by a itronger heat the pure concentrated acetous acid will be drawn 
over. This a^d the Prussic acid are thS only vegetable acids that rise in distilla- 
tion combined with water. 

escTioN xz. 

Of Alkaliet. 

Alkalies are divided into fixed and volatile* The former have no smell: the 
latter have a pungent and penetrating odour. The general properties of pure alka* 
lies are: 

Ist. That they have a peculiar caustic or burning taste, termed alkaline. 

2d. That they change the blue juices of vegetables green ; the yellow infusion of 
turmeric, brown; and the red infusion of Brazil wood, violet. 

3d. That combining with acids they form neutral salts. 

When a liquor therefore poured over sirups or infusions of the above kind, or 
upon paper that has been tinged with them, changes the colour in the manner de- 
scribed, it is alkaline, or an alkali predominates in it. 

Alkalies however are seldom pure in the strict sense of the word, being generally 
combined with carbonic acid, or fixed air; and in this state they are termed mild, 
to distinguish them from caustic or pure alkalies, that is alkalies which have been 
freed from the fixed air. 

The common method of depriving them of their fixed air is by throwing into an 
alkaline solution, or ley, a quantity of quick lime. The lime, by its greater alfinity 
for the fixed air, seizes on it, and leaves the alkali in a caustic state; for limestone 
or chalk is pure lime saturated with fixed air, which it gives up when exposed to a 
stiong heat ; and it is then called quicklime. When saturated with the carbonic 
acid or fixed air, from the alkali it again becomes mild lime or chalk, and falls to 
the bottom of the vessel. 


Of fixed Alkalies. 

There are two kinds of fixed alkali, namely, the mineral or soda, and the vege- 
table or potash. They are called. fixed, because though exposed to a strong heat 
they are not dissipated, but fuse like metals, and like them can endure a red heat. 
They facilitate the fusion of stones, earth, and sand ; and for this reason are much 
used, especially the first, in glass houses. They are both of extensive use in the 
arts. 

Fixed mineral alkali is obtained from marine salt ; for when this salt is deprived 
of the acid which enters into its composition, the remainder is fixed mineral alkali ; 
but to extract it from this substance requires a tediouk and expensive process. The 
most common method of obtaining it, is to burn certain plants which grow on the 
sea coast, or are washed on shore by the tide. Of this kind is the plant kali or 
glass wort, from which the denomination of alkali is derived, and various other ma- 
rine plants, such as varec or sea-wrack, /uci, &c. The ashes of these plants con- 
tain abundance of fixed alkali, which may be extracted and purified by lixiviating 
them, and then evaporating the ley. This is what is known in commerce under the 
name of soda. 

Fixed vegetable alkali is commonly obtained by the combustion of the greater 
part of other plants, and of wood, such as common tire wood. A great deal is 
made in this manner, in different forests, where immense quantities of wood are 
burnt for that purpose in pits ; the ashes which remain contain abundance of this 
fixed alkali, known in the shops under the name of potashes. By lixiviating them, 
and then evaporating the ley, an alkali much more active may be obtained. 

Another method of obtaining fixed vegetable alkali, much purer, is to employ 
wine lees, and the tartar which adheres to the sides of wine casks. These substances 
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are formed into packets or masses of the size of the ftsty and then burnt until they have 
assumed a white colour. By these means very pure fixed alkali may be produced. It 
is known in the shops under the name of salt of tartar^ or alkali of tartar. It is ab- 
solutely the same as common potash. In this state however they are not entirely 
free from a combination of carbonic acid. 

Common potash is composed of the metal called potaisium^ and oxygen, in the 
proportion of 100 of potassium to 20 of oxygen. Potassium is procured in large 
quantities by keeping potash in fusion with intensely hot iron. Potassium is solid at 
the usual temperature of the atmosphere, but quickly becomes soft and ductile when 
held in the hand. Its specific gravity is to that of water as 865 to 1000. It is per- 
fectly white, and has the lustre of polished silver. 

The two fixed alkalies, the vegetable and mineral, dififer from each other 
principally by one peculiar property. The fixed vegetable alkali attracts the mois- 
ture of the air so strongly, that to preserve it in a solid state it must be put into 
well closed vessels. If left exposed to the air, it deliquesces of itself, and in this 
state is called oil of tartar per deliquium; an appellation very improper, for it is not 
an oil. 

On the other hand, fixed mineral alkali, instead of attracting moisture, loses its 
own, and effloresces; that is, falls into dust : and for this reason it can be pieserved 
with much more convenience than the other. 

Volatile Alkali, 

This alkali, or ammonia, is produced by the combustion of most animal matters, 
or by the putrefaction of animal or vegetable substances. The smell of putrefied 
bodies is owing to the alkali disengaged from them during that operation, by which 
nature reduces them in some measure to their first principles, in order that they 
may serve for new compositions. The strong odour which proceeds from privies, 
is a highly volatile alkali. It is called volatile, because a heat, inferior even to that 
of boiling water, is suflicient to disperse it in vapours, which always discover 
themselves by their penetrating smell 

Ammonia is a compound of hydrogen, and nitrogen in the proportion of one 
part, by weight, of the former, to four parts of the latter. It may be in a short 
time formed by the following process, so as to become evident to the sense of smell- 
ing. 

On some filings of tin or zinc pour some moderately diluted nitrous add, and 
after a short time stir into the mixture some quick lime, and a very strong pun- 
gent smell of ainmonia will be produced. 

All animal and vegetable substances, in a state of putrefraction, furnish ammonia ; 
but in England it is generally procured by a dry distillation of bones, horns, and 
other animal substances. It is found in mineral waters, and whenever iron rusts 
in water, having a free communication with the air. Carbonate of ammonia is pro- 
cured in large quantities from the waste liquor which is collected in the manufac- 
tories of coal gas. 

Ammoniacal gas for chemical experiments may be procured by mixing one part 
of powdered sal ammoniac with two parts of quick lime in a retort, and applying 
the heat of a lamp which will disengage the gas in abundance. 

When liquid ammonia is combined with carbonic acid, it takes a concrete form, 
and a beautiful white colour being then what i^^^alled volatile salts. 

Muriate of ammonia is formed by combining ammonia with muriatic acid. It ia 
known in commerce by the name of sal ammoniac. 
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Of Neutral Salts, 

When a salt is neither acid nor alkaline, if it neither turns sirup of violets nor blue 
paper red or green,* it is called neutral. The reason of this appellation is evident. 
Of this kind arc marine salt, nitre, the different species of vitriol found in a natural 
state, and various other salts, both natural and artiBcial. 

A neutral salt consists of an acid combined with an alkali, an earth, or a metal. 
We shall here give a few examples, enumerating the most common combinations of 
the three principal mineral acids, with different substances. 

Thus, vitriolic acid, combined with zinc, forms white vitriol (sulphate of zinc) ; 

With copper, blue vitriol ; 

With iron, green vitriol ; , 

With argillaceous earth, alum ; ^ 

With calcareous earth, selenite ; 

With volatile alkali, ammoniacal vitriol \ 

With fixed mineral alkali, Glauber's, Epsom, or Seidlitz salt ; 

With fixed vegetable alkali, vitriolated tartar. 

Salts 80 formed are called sulphates : as, sulphate of iron, of copper, of zinc, of 
ammonia, &c. according as one or other of these substances is united with the acid. 

The nitric acid, combined with fixed vegetable alkali, forms nitre ; 

With fixed mineral alkali, quadrangular or cubic nitre ; 

With volatile alkali, a nitrous ammoniacal salt ; 

With silver, a peculiar salt fusible by a moderate heat, known under the name of 
lapis infemalist on account of its causticity. 

These combinations are called nitrates of the substances joined to the nitric acid. 

The marine acid, combined with fixed mineral alkali, forms common marine salt, 
or muriate of soda ; 

With fixed vegetable alkali, febiifuge salt of Sylvius, or muriate of potash ; 

With volatile alkali, sal ammoniac ; 

With mercury, if digested on it long enough to oxidate the metal completely, it 
forms corrosive sublimate. 

When this muriate is not perfectly saturated with oxygen, it forms a salt called 
mercurius dulcts. 

All neutral salts, composed of marine or muriatic acid, combined with alkalies, 
earths, or metals, arc called muriates. 

The vegetable acid, called the tartareous, combined with fixed vegetable alkali, 
forms tartar : 

With fixed mineral alkali, the salt called vegetable salt, Seignettes salt, or Sal 
polychrest : 

Acetic acid, when combined with vegetable alkali, forms a salt called foliated earth 
of tartar (acetate of potash) : 

With copper it forms verdigris (acetate of copper) ; a salt well known in com- 
merce, and a violent poison : 

With lead it forms a salt called saccharum satumi (acetate of lead), which is 
also a poison, and employed in the arts : 

With mercury, acetate of mercuiw, a salt of great use in cases of syphiJis. 

We shall confine ourselves to tin brief account of the best known compositions of 
the different acids with different substances. The number however might have been 
considerably increased ; for every acid may be combined with almost all the alkalies, 
earths, and metals. 

* Tbis rule is liaUe to some exceptions. It mav however be followed without any danger of 
m^icb mistake. 
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ARTICLE II. V 

Of Oxygen, 

We have already liad occasion to mention this substance, for a knowledge of which 
we are indebted to modern chemistry. It has never been obtained alone ; but its 
presence and effects are now so well known, that its existence may be considered as 
demonstrated. We shall here observe that almost all the phenomena explained for- 
merly, by admitting the agency of an ideal principle, to which the old chemists gave 
the name of phlogiston tSxe now known to be produced by a play of chemical affinities, 
in which oxygen performs a conspicuous part. Thus, for example, in what used to 
be called the calcination, but now the oxydation, of metals, it was believed that the 
metals parted with phlogiston. It is however shewn by experiment, that instead of 
parting with anything, they receive an increase of weight ; and it is known also, by 
taking proper care to perform the experiments in close vessels, that the>air not only 
loses in its volume, but suffers also a diminution of its weight equal to what the 
metal has gained. But besides, the oxygen may be again separated from the metal, 
which yields a quantity of gas equal in weight and volume to what hud been taken 
from the air by the metal. 

The oxygen gas, thus separated from an oxide, is found to be that part of the atmo- 
sphere which serves for respiration ; it is therefore called also vital air. When a 
metal, such as mercury for example, has been converted into an oxide, by exposure with 
heat, to atmospheric air, in a close vessel, the air which remains after all the oxygenous 
part has been taken up by the metal, is found to be a suffocating gas, distinguished by 
the name of azotic gas. It is not only unfit for respiration, but incapable of maintaining 
combubtion ; whereas oxygen gas, which may be separated from the oxide of mercury, 
or of manganese, &c., is better adapted for promoting combustion than atmospheric 
air itself; so that many substances, which will not inflame in common air, burn with 
great violence in oxygen gas. Wc shall mention one for the sake of illustration. If 
a piece of small iron wire , with a bit of lighted tinder to begin the combustion, be 
introduced into a vessel containing oxygen gas, it will burn with much greater in- 
tensity than flax or cotton, even though dipt in oil, will do in atmospheric air. 

From this, and other considerations, which it would be too tedious here to enume- 
rate, it is inferred that the oxygen in calces or oxides, in acids, and in all other com- 
binations, the gaseous ones excepted, is in a concrete state ; but that in the gaseous 
state it is united to something else, namely the matter of beat, or of light, or of 
both : and from this theory the process of combustion is thus explained : during the 
process, the oxygen of the oxygenous part of the atmosphere, unites itself to the 
burning body ; and the heat and light which were united with the oxygen, and which 
held it in chemical solution, are liberated, producing that phenomenon commonly 
called burning. The beat and light therefore are not furnished by the burning body, 
but by the air. 

When carbonaceous matters, such as coals, wood, &c., are employed in the process, 
a portion of the liberated beat is again taken up by a new gas which has been formed, 
namely carbonic acid gas, or fixed air,, which we have already bad occasion to mention.* 
It is the same, in every respect, as the gas that may be separated from limestone or 
chalk, by exposing it to heat. The matter of heat or caloric gives it the gaseous form ; 
and oxygen communicates to it its acid properties. All acids indeed, as already men- 
tioned, are indebted for their acidity to oxygen. Acidifiable bases, fully saturated 
with oxygen, produce acids; others, such as the metals, become oxides; but 
if means could be devised to saturate them comp'letely it is probable they would all 
produce acids. Some of them indeed have been brought to this state. 

* There are a variety of gases which all difl^r in many of their properties from common air ; but 
to enter upon them would extend the present article beyond the iitniu which must be allotted to it. 
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Having had occasion, in speaking of the vitriolic add, to mention the part which 
oxygen has in the formation of acids, it is needless to say any thing farther on that 
subject. 

ARTICLE III. 

Of AffinitUa^ 

It is also necessary that we should here say a few words respecting Affinities ; 
as they are a key which serves to explain a great number of chemical compositions 
and decompositions. 

Affinity is the force with which two substances tend to combine and maintain 
themselves in a state of union. Thus, for example, if vitriolic acid be poured over 
chalk, it drives out the caibonic acid, or fixed air, before united to it ; lays bold 
of the calcareous earth ; combines with it, and forms a mixture which is neither 
earth nor a^id ; but if fixed alkali, whether vegetable or mineral, be added to the 
solution, the calcareous earth will be expelled from its place ; the vitriolic acid will 
seize on the fixed alkali, abandoning the former, and will thus form a new salt— an 
alkaline sulphate. 

The moleculae of the calcareous earth, and those of the vitriolic acid, have there* 
fore a stronger tendency to unite, than those of the same earth and carbonic acid. 
The union is so perfect, that the fluid, though one of the ingredients in the compound 
be an earth, passes through a filtre. And hence it appears, that this result is not a 
mere division and interposition of the particles of the stone, between those of the 
solvent as was supposed, and is still believed by some who^e not acquainted with 
the principles of chemistry. But, we might ask such persons, why do the particles 
of iron, dissolved in an acid, maintain themselves in the liquor, notwithstanding their 
excess of specific gravity ? for, according to their philosophy, this is inexplicable. 
But if each particle of the iron be united to each particle of the solvent, the difficulty 
will vanish ; and if we admit this principle, and also an inequality of force in the 
above tendency, all the phenomena of chemistry may be so easily explained, that the 
existence of such a force in the particles of bodies cannot be denied. 

Besides, we have positive proofs of the force with which polished surfaces adhere^ 
independently of any surrounding fluid. Nothing then is more natural, than to 
conceive a similar force between the minute particles of bodies : it would be suffi- 
cient to suppose them to have small facets of different forms and sizes, by which 
they adhere with a force that may be subject to very complex laws ; since it may 
depend on the extent of the facet, and the density and form of the particle ; for 
these may produce a great many variations. 

These affinities or tendencies are indeed veryiinequal, and by way of example we 
shall observe, that the force with which calcareous earth combines with vitriolic acid, 
is less than that with which it combines with any alkali. On this account an alkali 
may be substituted instead of calcareous earth. All acids, in general, have more 
affinity for alkalies than for calcareous earths ; for the latter than for metals ; and 
for some metals than for others ; which furnishes an easy method of decomposing 
certain mixtures. In the course of this Part we shall give a few curious and in- 
structive examples. 

Chemical affinity is sometimes rendered evident by the heat which is produced on 
mixing two cold bodies. A mixture of equal parts of water and oil of vitriol in- 
stantly acquires the temperature of boiling water. If potassium be dropped upon 
ice, the ice will be partially melted, the water decomposed, and a brilliant flame en- 
gendered by the action of the two substances upon each other. 

Sometimes the efiect of the admixture of different bodies is to produce another in 
which the properties of the constituents are totally lost. For example, — Equal 
parts of tin and iron, malleable and ductile metals, form an alloy which is neither 



SOLUTION AND PRECIPITATION. ^83 

malleable nor ductile, being a very brittle metal. Liquid ammonia and muriatic acid, 
both strong sinelling fluids, if mixed in equal proportions, produce muriate of am* 
monia, a fluid devoid of smell. 

It often happens, if one body be added to a mixture of two others, that it will 
combine with one in preference to the other* This property which bodies possess 
of singling out those substances with which they form the strongest affinity, is called 
elective attraction. 


ARTICLE IV. 

Solution and Precipitation, 

Solution is an operation, by which a fluid combines with the molecule of a solid, 
or of another fluid ; so that each particle of the one contracts an adhesion with each 
particle of the other. This union or adhesion is produced by the affinity of these 
particles for each other ; because, if a greater or less affinity does not exist, there 
can be no solution. 

Solution docs not consist in a mere attenuation of the body dissolved, and an in- 
terposition of its moleculse between that of the fluid. When there is only an inter- 
position of this kind, a separation soon takes place. 

Precipitation is eflfected when the moleculse of the dissolved body, being aban- 
doned by the solvent, fall to the bottom of the liquor. This happens sometimes in 
consequence of a mere diminution in the force of the solvent, produced by diluting 
it with a great deal of water ; but it is produced, for the most part, by presenting to 
the solvent some body for which it has a greater affinity than for the body already 
dissolved. For example, if a fixed alkali be poured into nitrous acid, holding in so- 
lution calcareous earth, the acid will seize on the alkali, on account of its greater 
affinity, and will abandon the earth, which will fall to the bottom of the vessel. 

At other times, precipitation takes place, in consequence of presenting to the so- 
lution a body which, by combining with the dissolved body, forms a new mixture, in- 
soluble in the solvent. Of this wd have an example in the following operation ; 
If calcareous earth be dissolved in nitrous or marine acid, on pouring’ into the so- 
lution vitriolic acid, the latter will seize on the earth, and form with it sulphate 
of lime, well known under the name of selenite. But as selenite is not soluble in 
these acids, nor even in water, unless it be in very large quantity, it falls to the 
bottom. The same thing takes place when vitriolic acid is poured into a solution 
of mercury in nitrous acid : the particles precipitated form what is called white 
precipitate, * 

ARTICLE V. 

Of Effervescence and Fermentation. — Difference between them. 

Nothing is more common than for those who have but little knowledge of che- 
mistry, to confound these two phenomena ; which however are essentially different : 
and it must be allowed that, till within a few years, the French chemists confounded 
these terms, though they did not confound the operations which they denote. 

Effervescence is the motion, accompanied with beat,, which often takes place during 
a solution. Thus, for example, when a little nitrous acid is poured over copper filings ; 
or when vitriolic acid is poured over those of iron ; or when a small quantity of the 
same acid is poured over calcareous earth, a violent ebullition is excited, till the 
combination is formed, when the commotion subsides, and the liquor becomes trans- 
parent. Such, in a few words, is effervescence. ♦ Hence it is said that adds, in 
general, effervesce with alkalies, with metals, and with calcareous earths. 

* In this case, one of the zascs, alluded to in a former note, is j^noed, namely, hydrogen 
gaSi or inflammable air. It has the property of boming when nnoe inflamed : if mixed with at- 
moapberic air, and then set fire to, it explodes like gunpowder. 
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But fenneiitBtion is entirely diiTereiii : it is the intestine and spontaneous motion, 
produced in certain liquors, extracted from vegetable matters ; and which, from being 
sweet and insipid, renders them spirituous and vinous, ilfusl, for example, or the 
expressed juice of grapes, is not wine ; there is not a single drop of spirit in it; but 
when exposed to a moderate heat, a play of affinities takes place, by which the liquor 
becomes turbid of itself, is internally agitated, throws up bubbles, which are found 
to be fixed air, and when the disengagement of these bubbles ceases, it is entirely ^ 
new liquor, spirituous, intoxicating, &c. The case is the same with beer, produced 
by the fermentation of malt, or the strong decoction of barley, prepared in a certain 
manner. This, as may be seen, is an operation very different from effervescence, as 
above described. When a person, therefore, speaking on chemical subjects, con- 
founds these two words, the ears of the enlightened chemist are as much shocked as 
those of a philosopher would be, were he to bear abhorrence of a vacuum employed to 
explain any of the phenomena of nature. 

ARTICLE VI. 

Of Crystallization^ 

This appellation is given to that peculiar arrangement, which the greater part of 
salts, and even other bodies, affect to assume, after their solution in a liquid, when 
their parts, brought sufficiently near to esich other by evaporation, dispose themselves 
in groups. As rock crystal was the first body in which this regular arrangement 
was observed, its name has been given to that discovered in many other bodies, and 
particularly salts, by the subsequent researches of chemists and naturalists. 

Dissolve common salt in water, and evaporate the solution to a certain degree ; if 
it be then left at rest in a cool place, the saline particles, brought near to each other, 
and falling together to the bottom of the vessel, or attaching themselves to the sides 
of the vessel, will form masses, in which the cubic figuie will be easily distinguished ; 
as prisms of six sides terminating in pyramids, implanted in each other, aie distin- 
guished in rock crystal. Jf crystallization be promoted at the surface, by evaporat- 
ing the liquid, it takes place in the form of truncated square pyramids, composed of 
small cubes, heaped together in a certain order, one upon the other ; as has been 
shewn by JM. Rouelle, who has explained the phenomenon with great ingenuity. 

If the salt held in solution be saltpetre, the crystals formed will be hexagonal 
prisms, terminated by hexagonal pyramids. 

In short, each salt affects a peculiar form. 

Alum crystallizes in exact octaedra, that is, figures formed of two quadrangular 
pyransids, having a common square base. 

Vitriol of iron forms crystals which are oblique-angled cubes, or cubes the six faces 
of which are rhombuses with unequal sides. 

The crystals of blue vitriol are compressed dodecaedra, the form of which cannot be 
described in a few words. Verdigrise, or the salt produced by a combination of vine- 
gar and copper, forms crystals which are oblique-angled parallelopipedons. 

Crystallized or candied sugar forms quadrangular prisms, cut obliquely by an 
inclined plane. 

But, as before observed, there are a multitude of other bodies, besides salts, which 
possess the same property of forming themselves into masses, and affecting the same 
regular figures. Most ores and pyrites are distinguished by their particular form : 
mineralized lead, for example, haa a great tendency to the right-angled or oblique- 
angled cubical form. Even stones, in such cases, observe a certain regularity. The 
crystals of gypsum, or plaster of Paris, are shaped like the point of a lance ; and gyp- 
sum therefore is properly a salt Calcareous spar, known under the name of Icelan- 
dic crystal, is always an oblique-angled parallelopipedon, inclined in the direction of 
its diagonal, and at determinate angles. In short, when metals cool slowly, their 
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partic]«f are at liberty to arrange ihemielvet in a regular form ; and it was long ago 
remarked that this was the case with antimony, and has isince been observed in regard 
to iron, copper, sdnc, &c. 

As tlds phenomenon is one of the most curious in chemistry, it wonid afford mat- 
ter fora very long article ; but as we have given a short view of the subject, we must 
refer the reader, for further information, to the ** Essai de Crbtallographie ** of Rome 
Pelisle, which appeared in 1772, in 8vo, and to the Abbe HaUy*s late work on the 
same subject. 

We shall now give a series of chemical experiments, which will be partly an appli- 
cation of the before-mentioned principles, or which will exhibit curious phenomena^ 

ARTICLE Vll. 

Various Chemical Experiments 
EXPERIMENT I. 

How a body of a comhustihle\aiure may be continually penetrated by fire without being 

consumed. 

Put into an iron box a piece of charcoal, sufficient to fill it entirely, and solder 
on the lid. If the box be then thrown into the fire it will become red, and it may 
even be left in it for several hours or days. When opened after it has cooled the 
charcoal will be found entire, though there can be no doubt of its having been pene- 
trated by the matter of the tire, as well as the whole metal of the box which con- 
tains it. 

' The cause of this effect is as follows. Before charcoal, or any other combustible 
body can be consumed, oxygen must have access to it ; but the contact of the atmo- 
sphere is prevented by the iron case being made quite close. 

Hence too it happens, that coals covered with ashes require much longer time to be 
consumed, than if they were exposed to the open air. This phenomenon, though 
well known, could not be explained by any philosopher unacquainted with the nature 
and properties of oxygen. 


EXPERIMENT TI. 

Apparent Transmutation of iron into copper or silver. 

Dissolve blue vitriol in water, till the latter is nearly saturated ; and immerse into 
the solution small plates of iron, or coarse filings of that metal. These small plates 
of iron, or filings, will be attacked and dissolved by the acid of the vitriol ; while its 
copper will be precipitated, and deposited in the place of the iron dissolved. 

If the bit of iron be too large to be entirely dissolved, it will be so completely 
covered with the cupreous particles, that it will seem to be converted into copper. 
This is an experiment commonly exhibited to those who visit copper mines. At 
least we have seen it performed nt Saint-Bel in the Lyonnese. A key immersed 
some minutes in water, collected at the bottom of a copper-mine, was entirely of a 
copper colour when drawn out. 

If you dissolve mercury in marine acid, and immerse in it a bit of iron ; or if this 
solution be rubbed over iron, it will assume a silver colour. Jugglers sometimes 
exhibit this chemical deception, at the expence of the credulous and ignorant. 

Remark.^lxL this case, there is no real transmutation, but merely the appearance 
of one. The iron is not converted into copper ; the latter, held in solution by the 
liquor impregnated with the vitriolic acid, is only deposited in the place of the iron 
with which the acid becomes charged. Every time indeed that a menstruum, hold- 
ing any substance in solution, is presented to another substance, which it can dissolve 
with more fiMnlity, it abandons the former, and becomes charged with the latter. This 

3 E 
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is io certain, that when the liquor which has deposited the copper is evaporated, it 
produces crystals of green vitriol, which, as is well known, are formed by the combi- 
nation of the vitriolic acid with iron. And this also is practised in the mine before 
mentioned. The liquor in question, which is nothing but a pretty strong solution of 
blue vitriol, is put into casks, or large square reservoirs ; and pieces of old iron being 
then immersed in it, are at the end of some time converted into a sort of sediment, 
ftom which copper is extracted. The liquor thus charged with iron is evaporated to 
a certain degree, and wooden rods are immersed in it, which become covered with 
crystals of green vitriol. 

This experiment may be made also by dissolving copper in the vitriolic acid, and 
then diluting the solution with a little water. This is a new proof that the liquor 
only deposits the copper with which it is charged. 

EXPERIMENT HI. 

Different Suhstancea succeasivefy precipitated, hy adding another to the Solution. 

In the former experiment we have seen copper precipitated by iron; we shall now 
shew iron itself precipitated. For this purpose, throw into a solution of iron a small 
bit of zinc ; and in proportion ps the latter dissolves, the iron will fall to the bottom 
of the vessel: It may easily be known to be iron, because it will be susceptible of 
being attracted by the magnet. 

If you are desirous to precipitate the zinc, nothing will be necessary but to 
throw into the solution a bit of calcareous stone, such as white marble, or any 
other stone capable of making lime ; the vitriolic acid will attack this new substance, 
and suffer to be deposited at the bottom of the vessel a white powder, which is 
zinc. 

To precipitate the lime or calcareous earth, pour into the solution liquid volatile 
alkali (spirit of hartshorn) ; the earth, being abandoned by the acid, will deposit 
itself at the bottom of the vessel. 

The calcareous earth may be precipitated also, and much better, by pouring into 
the liquor a solution of fixed alkali, such as fixed vegetable alkali ; or by throwing 
into it fixed mineral alkali. 

Remark . — It is by a similar effect that hard water decomposes soap, instead of 
dissolving it, and suffers to be deposited a greater or less quantity of calcareous earth. 
The manner in which this takes place is as follows. 

Water in general is hard only because it holds in solution selenite or gypsum (a 
combination of vitriolic add with calcareous earth), which it has dissolved in its 
passage through the bowels of the earth, or which has been formed by the water first 
becoming impregnated with vitriolic salts, and afterwards in its course meeting with 
and dissolving a portion of calcareous earth. 

Or the other hand, soap is an artifidal combination of fixed alkali with oil, or with 
some other greasy substance, and which have no great affinity. 

When soap therefore is dissolved in water impregnated with selenite, the vitriolic 
acid of the latter, having a greater tendency to unite with the fixed alkali than with 
the calcareous earth, which enters into the composition of the selenite, abandons 
that earth, and combines with the fixed alkali, in such a manner that the soap is 
.decomposed ; and as the oil is immisdble with water it is diffused through it in 
the form of white flakes, while the calcareous earth of the selenite falls to the 
bottom. 

Here we have a new example of the use of chemistry, to account for certain com- 
mon effects which are inexplicable to the philosopher unacquainted with that 
science. ' 
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XaCPKRmSNT IV. 

By M« mixture of two transparenJt lAquon to produce a hlaekiah Liquor, '^Method 

making good Ink, 

Provide a solution of green or ferruginous vitriol) and an infusion of gallonuts, or 
of any other astringent vegetable substance, such as oak-leaves, well clarified 
and filtred ; if you then pour the one liquor into the other, the compound will 
immediately become obscure, and at last black. 

If the liquor be suffered to remain at.rest, the black matter suspended in it will fall 
to the bottom, and leave it transparent. 

Remark, — This experiment may serve to explain the formation of common ink*, 
for the ink we use is nothing else than a solution of green vitriol mixed with an 
infusion of gall-nuts, and a little gum. The blackness arises from the 4)roperty 
which the gall-nuts have of precipitating, of a black or bine colour, the iron held in 
solution by the water impregnated with vitriolic acid ; but as the iron would soon 
fall to the bottom, it is retained by the addition of gum, which gives to the water 
sufficient viscidity to prevent the iron from being precipitated. 

The reader perhaps will not be displeased to find here the following recipe for 
making good ink. 

Take one pound of gall-nuts, six ounces of gum arabic, six ounces of green cop- 
peras, and one gallon of common water or beer : pound the gall-nuts, and infuse them 
in a gentle heat for twenty-four hours, without bringing the mixture to ebullition ; 
then add the gum in powder. When the gum is dissolved, put in the green vitriol : 
if you then strain the mixture, you will obtain very fine ink. 

EXPERIMENT V. 

To produce inflammable and fulminating Vapours, 

Put into a moderately sized bottle, with a short and wide neck, three ounces of 
oil or spirit of vitriol, and twelve ounces of common water. If you then throw into 
this mixture at different times, an ounce or two of iron filings, a violent effervescence 
will take place, and white vapours will arise from it. On a taper being presented to 
the mouth of the bottle, these vapours will inflame, and produce a violent detona- 
tion, which may be repeated several times, as long as the liquor continues to furnish 
similar vapours. 

EXPERIMENT VI. 

The Philosophical Candle, 

Provide a bladder, into the orifice of which is inserted a metal tube, some inches 
in length, and so constructed, that it can be fitted into the neck of a bottle contain- 
ing the same mixture as that used in the preceding experiment. 

Having then suffered the atmospheric air to be expelled from the bottle by the 
elastic vapour of the solution, apply to the mouth of it the orifice of the bladder, 
after carefully expressing from it the common air.* The bladder, by these meant 
will become filled with inflammable air ; which if you force out against the flame 
of a taper, by pressing the sides of the bladder, will form a jet of a beautiful green 
flame. This is what chemists call a philosophical candle, 

EXPERIMENT VH. 

To make an Artificial Volcano, 

For this curious experiment, which enables us to assign a very probable cause 
for volcanoes, we are indebted to Lemery. 

* Great oare mast be taken not to omit this mecantioa ; for a mixture o« inflammaUe and 
•pherio airwin exfdode with riolenoe, instead Ut borning. 

3s2 
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Mix equal parte of pounded sulphur and iron fiHogs> and having formed the whole 
into a paste with water, bury a certain quantity of it, forty or fifty pounds for 
-example, at about the depth of a foot below the surfiMie of the earth. In ten of 
twelve hours after, if the weather be warm, the earth will swell up and burst, and 
flames will issue out, which will enlarge the aperture, scattering around a yellow 
and blackish dust. 

It is probable that what is here seen in miniature, takes place on a grand scale 
in volcanoes; as it is well known that they always furnish abundance of sulphur, 
and that the matters they throw up abound in metallic and perhaps ferruginous par- 
ticles ; for iron is the only metal which has the property of producing an efferves- 
cence with sulphur, when they are mixed together. 

But it may be easily conceived, from the effect of a small quantity of the above 
mixture, what thousands or millions of pounds of it would produce. There is no 
doubt that the result would be phenomena as terrible as those of earthquakes, 
and of those volcanic eruptions with which they are generally accompanied. 

EXPERIMENT VIIX. 

To make Fulminating Gold, 

First to make Aqua Regia, by mixing four parts of spirit of nitre with one of sal 
ammoniac. Put some fragments of pure gold into this liquor, and when they are 
dissolved, add to the liquor a solution of fixed alkali, called also oil of tartar per 
dehquium. The gold will be precipitated to the bottom in the form of a yellow 
powder, which must be collected by pouring off the supernatant liquid. If this 
powder be then washed in warm water and dried, you will have fulminating gold. 

To make it detonate, put a very small quantity of it on the point of a knife, and 
hold it over the flame Of a taper. As soon has it has acquired a certain degree of beat, 
the powder will inflame with a terrible explosion, tar greater than that which would 
be produced by a like quantity of gunpowder. 

Gold prepared in this manner does not detonate by tbe application of heat alone ; 
mere touching is sufficient to produce tbe same effect. We have seen some particles 
of fulminating gold, which had got between the neck of a bottle and the stopper, 
during the act of shutting it, make a sudden explosion, so as to break the bottle 
to pieces, and wound tbe person who held it. Tbe same thing would infallibly take 
place if this gold were triturated in a mortar ; or if one should attempt to fuse it, in 
order to reduce it to a metallic mass, without the necessary preparations. 

Remarks. — Tbe gold would not be fulminating, if tbe aqua regia were made by a 
mixture of spirit of nitre and spirit of marine salt, or spirit of nitre to which marine 
salt bad been added, (for it is prepared in all these ways) ; and if the gold were 
precipitated by fixed alkali, in order to render the gold fulminating, volatile alkali 
must be united either with the aqua regia or the precipitant. 

If aqua regia, therefore, made with spirit of nitre and spirit of marine salt, be em- 
ployed to dissolve gold, it must be precipitated by volatile alkali. By these means 
you will still obtain fulminating gold. 

To deprive it of its fulminating property, pour over it vitriolic acid, or a solution 
of fixed alkali. By this process a combination is formed wbiflh destroys in the 
gold its detonating quality ; if it be then washed, it will be found in a powder, 
which may be reduced without any danger by the usual means. 

EXPERIMENT XX. 

To make Fulminating Powder, 

Mix together three parts of nitre, two of well dried alkali, and one of sulphur ; 
if a little of this mixture be put into an iron spoon over a gentle fire capable how- 
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ever of melting the sulphur, when it acquires a certain degree of heat, it will de- 
tonate with a loud noise, like the report of a small cannon. 

This would not be the case, if the mixture were exposed to a heat too violent ; 
the parts only most exposed to the dte would detonate, and by these means the 
effect would be greatly lessened. 

If thrown on the fire it would not detonate, and would produce no other effect 
than pure nitre, w'hich indeed detonates, but without any explosion. 

Mix eight grains of nitrate of potash with four grains of phosphorus, place the 
mixture on a warm anvil, and striking it smartly with a warm hammer, a violent 
detonation will be produced. 


EXPERIMENT X. 

A liquor which becomes coloured and transparent alternately, when exposed to or 
removed from the contact of the external air. 

Digest copper, that is to say dissolve it slowly by means of a gentle beat, in a strong 
solution of volatile alkali. As the solvent attacks the copper, it will acquire a beau- 
tiful blue colour. If you pour some of this liquor into a small bottle till it is nearly 
full, and then close it well with a stopper, the colour will gradually become fainter, 
and at last disappear. On opening the bottle, the colour will return ; and this alter- 
nation may be produced as often as you choose. 

EXPERIMENT XI. 

Pretended Production of Iron, 

Take clay, or the ashes of burnt vegetables or animals, and draw over them an 
artificial magnet. By these means you will often attract some particles of iron, which 
will adhere to the magnet. You may then rest assured that no iron, in a metallic 
state, remains in the earth or ashes. 

Then mix the remaining earth or ashes with pounded charcoal, and having formed 
the mixture into a paste with linseed oil, put the whole into a crucible, and expose it 
to a red heat for some time, but not intense enough to produce vitrification. When 
the mass is cold, and reduced to dust, if the artificial magnet be again drawn over it, 
a great many iron particles will be attracted by it, and will adhere to it. 

/2etRarA.— Some have pretended to give this experiment as a proof that iron may 
be produced by clay and linseed oil. A celebrated chemist, member of the Academy 
of Sciences, even entertained this idea, notwithstanding the opposition he experienced 
from one of his brother members. But, in our opinion, no chemist at present will 
see in it a production of iron. 

It would indeed be wToiig to suppose, after the iron found at first by the magnet 
has been extracted, that no more remains in it. The magnet attracts iron only in its 
metallic state, or when it approaches near to it ; but some still remains in the state 
of an oxide, and in this state it is not susceptible of being attracted by the magnet, as 
may be proved by an experiment made on oxide formed artificially by the torrefaction 
of iron, or on the rust of that metal. 

Besides, it is well known that of all the metals iron is that most universally dif- 
fused throughout the earth ; it is the colouring principle of common or red clay, and 
when clay is so coloured it contains iron. 

What then is the effect of the torrefaction of clay with charcoal dust and linseed 
oil, or any other fat oily body which has a strong affinity for oxygen ? Such bodies 
having a greater affinity for that principle than iron has, by tbe aid of a proper tem- 
perature, they decompose the oxide, and seizing on its oxygen leave the iron in a 
metallic state, and consequently susceptible of being attracted by the magnet. This 
is tbe whole secret of the operation. 
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But it may be laid, what reason it there to think that these wood-ashes eontiun iron ? 
In answer to this question, we shall observe, that iron being diBbsed in great abun- 
dance throughout all nature, it is a constituent part in a great many vegetable produc- 
tions : in some of them it is found even in a metallic state ; that it is susceptible of great 
atten nation ; and that when dissolved in any liquid it passes with it through the filtre, 
at least in part. Hence it may easily ascend with the sap of plants ; it circulates in the 
human body with the blood : in short, some even assert that plants are coloured by 
this metal with the concurrence of light ; so that without iron and light all plants 
would be entirely white. 


SRPaiUMENT xn. 

With two liquids nixed together ^ to form a solid h&dy^ or at least a body which has 

consistence. 

Make a highly concentrated solution of fixed alkali, and another of nitrate of lime : 
if the two solutions be^mixed together, there will be an abundant precipitation of a 
matter which will assume a sort of splidity. 

This phenomenon appeared so wonderful to the old chemists, that the operation by 
which it is produced was called the chemical miracle. There is however nothing won- 
derful in it ; for what takes place is as follows ; 

The two solutions being mixed, the nitrous acid abandons the earth, to seize on the 
fixed alkali, and with it lemains in solution and transparent in the supernatant liquor. 
The earth is then precipitated, and forms the solid body which results from the 
mixture. 

We shall here give another operation, which might with more justice be called a 
chemical miracle. We are indebted for it to a remark of M. de Lassonne, first 
physician to the queen. 


EXPEEIBEENT Xni. 

To form a eombinationf which when cold t$ liquid and transparent ; hut which when 
warm becomes thick and opake. 

Put equal quantities of fixed alkali, either mineral or vegetable, and of well pul- 
verised quick-lime, into a sufficient quantity of water, and expose it to a strong and 
speedy ebullition. Then filtre the product, which at first will pass through with diffi- 
culty, bu't afterwards with more ease, and preserve it in a bottle well stopped. This 
liquor, when made to boil either in the bottle or in any other vessel, will become 
turbid, and assume the consistence of very thick glue ; but when cold it will recover 
its fluidity and transparency ; and this alternation may be repeated as often as you 
choose. 

M. de Lassonne made many experiments to discover the cause of this singular 
phenomenon ; and he assigns one which maybe seen in the ** M^moires de rAcad^mie 
des Sciences *' for 1773. 


EXPERIMENT XIV. 

To make a fiasht like that of lightning^ appear m a room, when any one enters with a 

lighted candle. 

Dissolve camphor in spirit of wine, and deposit the vessel containing the solution 
in a very close room, where the spirit of wine must be made to evaporate by speedy 
and strong ebullition. If any one then enters the room with a lighted candle, the 
air win inflame ; but the combustion will be so sudden, and of so short duration, as 
not to occasion any danger. 

It is not improbable that the same effect might be produced, by filling the air 6f an 
apartment with the dust of the seed of a certain kind of lyeoperdon, which is in- 
Itomable ; for this seed, which is exceedingly minute, and like fine dust, inflames in 
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the Mme manner, as the pulverised resin used for the torches of the Furies, and for 
representing lightning at ^e opera. And perhaps it would be better to substitute it 
for resiu, as it does not produce that strong smell which results from the latter when 
burnt, and which is so disagreeable to the spectators. 

EXPERIMENT XV. 

Of Sympathetic Inke ; and some tricks which may be performed by means of them. 

Sympathetic inks are certain liquors which alone, and in their natural state, are 
colourless ; but which, by being mixed with each other, or by some particular dr* 
cumstance, assume a certain colour. 

Chemistry presents us with a great many liquors of this kind, the most curious 
of which we shall here describe. 

Ist. If you write with a solution of green vitriol, to which a little acid has been 
added, the writing will be perfectly colourless and invisible. To render it visible, 
nothing will be necessary but to immerse the paper in an infusion of gall nuts in 
water, or to draw a sponge moistened with the water over it. 7hose who have observed 
the fourth experiment may readily see, that in this case the ink has been formed on 
the paper. In the making of ink the two ingredients are combined before they are 
used for writing ; here they are not combined till the writing is finished : this is the 
whole difference. 

2d. If you are desirous of having an ink that shall become blue, you must write 
with a solution of green vitriol, and moisten the writing with a liquor prepared in 
the following manner: 

Make four ounces of tartar, mixed with the same quantity of nitre, to detonate 
on charcoal ; then put this alkali into a crucible with four ounces of dried ox blood, 
and cover the crucible with a lid, having in it only one small aperture ; calcine the 
mixture over a moderate fire, till no more smoke issues from it ; and then bring the 
whole to a moderate red heat. Take the matter from the crucible, and immerse it, 
while still red, in two quarts of water, where it will dissolve by ebullition; and 
when the liquor has been reduced to one half, it will be ready for use. If you then 
moisten with it the writing above mentioned, it will immediately assume a beautiful 
blue colour. In this operation, instead of black ink, theie is formed Prussian 
blue. 

3d. If you dissolve bismuth in nitric acid, and write with the solution, thp letters 
will be invisible. To make them appear, you must employ the following liquor. 

Boil a strong solution of fixed alkali with sulphur, reduced to a very fine powder, 
until it dissolves as much of it as it can : the result will be a liquor which exhales 
vapours of a very disagreeable odour, and to which if the above writing be exposed, 
it will become black, 

4th. But of all the kinds of sympathetic ink, the most curious is that made with 
cobalt. It is a very singular phenomenon, that the characters or figures traced out 
with this ink, may be made to disappear and to re>appear at pleasure : this property is 
peculiar to ink obtained from cobalt ; for all the other kinds are at first invisible, 
until some substance has been applied to make them appear ; but when once they 
have appeared they remain. That made with cobalt may be made to appear and to 
disappear any number of times at pleasure. 

To prepare this ink, take saffre, and dissolve in it aqua regia (nitro-muriatio acid) 
till the acid extracts from it every thing it can; that is the metallic part or the 
cobalt, which communicates to the zaffre its blue colour ; then dilute tl^e solution, 
which is very acrid, with common water. If you write with this liquor on paper, 
the characters will be invisible ; but when exposed to a sufficient degree of heat, they 
will become green. When the paper has cooled they win disappear. 
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It must however be observed, that if the paper be heated too much, thtj will not 
disappear at all. 

lUmark, — With this kind of ink, some very ingenious and amusing tricks, such as 
the following, may be performed. 

1st. To make a drawing which ehatt alternaielg rcpreeent summer and wiMer. 

Draw a landscape, and delineate the ground and the trunks of the trees with the usual 
colours employed for that purpose ; but the grass and leaves of the trees with the 
liquor above mentioned. By these means you will have a drawing, which at the 
common temperature of the atmosphere will represent a winter piece ; but if it be 
exposed to a proper degree of heat, not too strong, you will see the ground become 
covered with verdure and the trees with leaves, so as to present a view in summer. 

Screens painted in this manner were formerly made at Paris. Those to whom 
they were presented, if unacquainted with the artifice, were astonished to find, when 
they made use of them, Ahat the views they exhibited were totally changed.* 

2d. The Magic Oracle* 

Write on several leaves of paper, with common ink, a certain number of questions, 
and below each question wTite the answer with the above kind of sympathetic ink. 
The same question must be written on several pieces of paper, but with different 
answers, that the artifice may be better concealed. 

Then provide a box, to which you may give the name of the Sybil's cave, or any 
other at pleasure, and containing in the lid a plate of iron made very hot, in order 
that the inside of it may be heated to a certain degree. 

Having selected some of the questions, take the bits of paper containing them, 
and tell the company that you are going to send them to the sybil or oracle, to ob- 
tain an answer ; introduce them into the heated box, and when they have remained 
in it some minutes take them out, and shew the answers which have been written. 

You must however soon lay aside the bits of paper; for if they remain long in 
the hands of those to whom the trick is exhibited, they would see the answers 
gradually disappear, as the paper becomes cold. 


EXPERIMENT XVI. 

^ Of Metallic Vegetations, 

To see a shrub rise up in a bottle, and even throw out branches, and sometimes 
a kind of fruit, is one of the most curious spectacles exhibited by chemistry. The 
operation by which this delusive image is produced, has been called chemical or 
metallic vegetation, because performed by means of metallic substances : and it is 
not improbable that some respectable persons, who thought they saw a real palin- 
genesy, have been deceived by a similar artifice. However this may be, the fol- 
lowing are the 'most curious of these vegetations, which in fiict 
are only a sort of crystallizations. 



Arbor Mortis^ Tree of Mars, 

Dissolve iron filings in spirit of nitre (aquafortis') moderately 
concentrated, till the acid is saturated; then pour gradually 
into the solution a solution of fixed alkali, commonly called 
od of tartar pet‘ deliquium, A strong effervescence will take 
pluecf and the iron, instead of falling to the bottom of the 


now very oomoMwIy exbiUted for sale in the shop windows in Laodon. 
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Fig, 39. vessel, will affcerwsrds rise, so as to cover its sides, forming a 
multitude of ramifications heaped one upon the other, which 
will sometimes pass over the edge of the vessel, and extend 
themselves on the outside, with all the appearance of a plant. 
If any of the liquor be spilt, it must be carefully collected, and 
be again put into the vessel, wher^it will form new ramifica* 
tions, which will contribute to increase the mass of the vege- 
tation. 

Two of these vegetations, copied from a memoir of M, 
Lemery, junior, and inserted among those of the Academy of 
Sciences for 1706, are represented Fig. 58 and 59. A very probable explanation of 
the phenomenon may be found among those of 1707* 



Arbor Diana, Trot oj Diana. 

This kind of vegetation is called the Tree of Diana, because it is formed by meani 
of silver ; as the former is called the Tree of Mars, because produced by iron. We 
shall here give two processes for this purpose, one of them by Lemery, and the 
other by Homberg. 

Dissolve an ounce of pure silver in a sufficient quantity of aquafortis, exceedingly 
pure, and of a moderate strength, and having put the solution into a jar, dilute it 
with about twenty ounces of distilled water. Then add two ounces of mercury, 
and leave the whole at rest. In the course of forty days, there will rise from the 
mercury a kind of tree, which throwing out branches will represent a natural vege- 
tation. 

Should this process, which is in other respects very simple, be thought too tedi- 
ous as to time, the following one of Homberg may be employed. 

Form an amalgam of a quarter of an ounce of very pure mercury, and half an 
ounce of fine silver reduced into filings or leaves ; that is to say, mix them together 
by tiituratiou in a porphyry mortar, by means of an iron pestle. Dissolve this amal- 
gam in four ounces of very pure nitric acid, moderately strong, and dilute the solu- 
tion in about a pound and a half of distilled water, which must be stirred, and then 
preserved in a bottle well stopped. Pour an ounce of this liquor into a glass, and 
throw into it a small bit of an amalgam of mercury and silver, similar to the former, 
and of the consistence of butter. Soon after you will see rising from the ball of 
amalgam a multitude of small filaments, which will visibly increaiie in size, and 
throwing out branches will form a kind oi shrubs. 

Homberg, in the Memoirs of the Academy for 1710, gives a method of making a 
a similar vegetation, either with gold or silver, in the dry way ; that is to say by 
distillation without any solution. 

There is still another kind of vegetation, mentioned by M. de Morveau, which he 
calls Jupiter'9 heard, because tin forms a part of its composition : the process for 
making it may be seen in his ** Essais Chimiques.** 


Non-melallic Vegetation. 

Cause to decrepitate, on burning charcoal, eight ounces of saltpetre, and place it 
in a cellar, in order that it may produce oil of tartar per deliquium : then gradually 
pour over it, to complete saturation, good spirit of vitriol, and .evaporate all the 
moisture. The result will be a white, compact, and very acrid saline matter. Put 
this matter into an earthen dish, and having poured over it a gallon of cold water, 
leave it exposed to the open air. At the end of some days the water will evapo* 
rate, and there will be found all around the vessel ramifications in the form of needles, 
variously interwoven with each other, and about 15 lines in length. When the 
water is entirely evaporated, if more ^ added the vegetation will continue. 
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It nay be readily seen that this is notbing but tbe mere crystdlisatiou of a neu- 
tral salt, formed by tbe vitriolic add and the alka l i of the nitre employed ; that is to 
say vitriolated tartar. 

EXPEBUaSMT xvii, 

7b produce ksat, and even flame, by meant of two oold Uquort, 

Put oil of guiacum into a bason, and provide some spirit of nitre, so much con- 
centrated, that a small bottle, capable of holding an ounce of water, may contain 
nearly an ounce and a half of this add. Make fast the bottle containing the add, 
to the end of a long stick ; and after taking this precaution, « pour about two thirds 
of tbe add into the oil in the bason ; the result will be a strong effervescence, fol- 
lowed by a very large flame. If an inflammation does not take place in the course 
of a few seconds, you have nothing to do but to pour the remainder of the nitrous 
acid over the blackest part of the oil ; a flame will then certainly be produced, and 
there will remain, after the combustion, a very large spongy kind of charcoal. 

OU of turpentine, oil of sassafhM, and every other kind of essential oil, may be 
made to inflame in the like manner. The same phenomenon may be produced with fat 
oils, such as olive oil, nut oil, and others extracted by expression, iJf an add, formed 
by equal parts of the vitriolic and nitrous acids well concentrated, be poured into 
them. 


EXPERIMENT XVm. 

7b fate iron in a moment, and make it run into dropu 

Bring a rod of iron to a white heat, and then apply to it a roll of sulphur ; the iron 
will be immediately fused, and will run down in drops. It will be most convenient 
to perform this experiment over a bason of water, in which the drops that fall down 
will be quenched. On examination they will be found reduced to a kind of cast 
iron. 

This process is employed for making shot used in hunting, as the drops, by falling 
into the water, naturally assume a round form. 

We shall here add two little experiments, merely because they are usually given in 
books of Philosophical Recreations. 

EXPERIMENT XIX. 

7b futc a piece of money in a walnut- thell, without injuring the shell. 

Bend any very thin coin, and having put it into the half of a walnut shell, place the 
shell on a little sand, in order that it may remain steady. Then All the shell with a 
mixiur^ made of three parts of very dry pounded nitre, one part of the flowers 
of sulphur, and a little saw-dust well sifted. 

If you then inflame the mixture, as soon as it has melted you will see tbe metal 
completely fused in the bottom of the shell in the form of a button, which will 
become hard when the burning matter around it is consumed. The shell employed 
for the operation will have sustained very little injury. Tbe cause of this, no doubt, 
is, that the activity of the fire, assisted by the vitriolic acid contained in the sulphur, 
acts with such rapidity, that it has not time to burn tbe shell. 

A small ball of lead, dosely wrapped up in a bit of paper,* may be fused in the 
same manner, by exposing it to the flame of a candle. The paper will not be hurt, 
except in the bottom, where it will have a small hole through which the metal has 
run. 


* If the paper be not in perfect oootact wUh the loed, the experiment will not stwoeed. 
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BZPBBIXSNT XX. 

Action of quicksilver upon nitrous acid. 

Put about half an ounce of quickiUver into an oil flask, and on it pour about an 
ounce of diluted nitrous acid. The nitrous acid will be decomposed by the quick* 
silver with great rapidity ; the bulk of the acid will be changed into a beautiful 
green, while its surface will appear of a dark crimson colour ; and a vivid and pleasing 
effervescence will go on while the acid acts on the quicksilver. When a part of the 
metal is dissolved, the acid will by degrees become paler, till it is as pellucid as water. 

BXPXRIXSNT XXL 

Throw a IHtle pulverised muriate of lime into a spoonful of burning charcoal, and 
a beautiful red flame will be produced, the colour of which may be heightened by 
agitating the mixture during inflammation. 

« EXPERIMENT ZXII. 

To split a piece of money into two parts. 

Fix three pins in the table, and lay the piece of money upon them ; then place a 
heap of the flowers of sulphur below the piece of money, and another above it, and 
set fire to them. When the flame is extinct, you will find, on the upper part of the 
piece, a thin plate of metal, which has been detached from it. 

It is to be observed that the value of about three-pence might be detached in this 
manner from a piece of gold such as a guinea, by employing sulphur to the value 
of fifteen or twenty pence ; so that this experiment can never become dangerous to 
tbe public. Besides, tbe piece of money loses, in a great measure, the boldness of its 
impression : those therefore who might attempt to debase tbe current coin in this 
manner, would become victims to their dishonesty. 

EXPERIMENT XXHl. 

UlustratioH of continued identity under apparent change of form. 

Dissolve separately equal weights of sulphate of copper and crystal of carbonate 
of soda, in sufficient quantities of boiling water ; pour them together, while hot, into 
a flat pan, and when the water has evaporated a little, ond the whole is suffered to 
cool, the salts will shoot ; the sulphate of copper in blue, tbe soda in white crystals, 
similar to what they were before they were dissolved. 

EXPERIMENT XXIV. 

JExqmples of different Fluids forming Solids, when mixed. 

Dissolve muriate of lime and carbonate of potash, separately, in water, so as to 
form a saturated solution of each. On pouring the two transparent fluids together, 
muriate of potash and carbonate of lime will be formed ; and if the mixture be well 
stirred, a solid mass will be produced. 

Again : Take a saturated solution of sulphate of magnesia (Epsom salts), and pour 
into it a like solution of caustic potash, or soda, and the mixture will immediately 
become solid. 

These instances of sudden converrion of two fluids into a solid, have been called 
chemical miracles. 

What we have said is sufficient to inspire our readers with a desire to become 
better acquainted with this useful science. We shall therefore point out to them a 
few works which will assist them in prosecuting that design. Though chemistry has 
Experienced a complete revolution since the discoveries of Lavoisier, Priestley, 
Black, Higgins, Cavendish, and others, some useful information may still be gSi* 
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thered from the works of tb« old chemists : we therefore hope we may be allowed 
to introduce here lies Elemens de Ghimle Theoretique et Practique ** of Macquer, 
3 vols. 12mo ; the first of which contains the theoretical, and the other two the 
practical pari To this work we may add the ** Manuel de Chimie '* of Baum4, 
whidi contains a great many curious processes useful in the arts. Boerhaave^s Ele. 
ments of Chemistry were formerly held in great estimation ; but at present this work 
is of less value : it may however serve as a good introduction to the modem che- 
n^try. Wiegleb's Chemistry, transl ate dby Hopson, though founded on the old 
theory, may also be perused with advantage, by those who are desirous of acquiring 
a thorough knowledge of this science. Also the chemical works of Bishop Watson. 
The best systems of chemistry, and elementary works according to the new theory, 
are those of Lavoisier, Fourcroy, Chaptal, Qren, Jacqiiin, Bnillon-Lagrange, Brisson, 
and Thomson. As books of reference we can recommend Henry’s Manual and 
Parkinson's Chemical Pocket Book. A great many curious and interesting papers 
on chemistry in general, and its application to the arts, may be found also in the 
Philosophical Magazine. 


DISSERTATION ON THE PHILOSOPHER'S STONE ; ON AURUM POTADILE J 
AND ON PALINGENESY. 

We have here mentioned the two most celebrated chimeras of the human mind : for 
though the quadrature of the circle in geometry, and the perpetual motion in me> 
chanics,bnve been much celebrated also on account of the fruitless attempts made to 
solve these two problems, their celebrity is inferior to that of the first two above 
mentioned, nearly in the same ratio as the importance of squaring the circle is 
inferior to that of acquiring immense riches, or of rendering ourselves almost immor- 
tal. A great many persons therefore, seduced by these chimeras, have at all times 
bestowed incredible labour on researches respecting them. 

Such is the character of the human mind, 

' Quid non mortalia pectora cognnt 

Auri ncra fames, Titmqoe immrasa cupido I 

We shall therefore here offer a few observations on these chemical problems, either 
because they afford matter which comes within our province, or because what we 
shall say may serve as a preventive of that illusion to which so many persons have 
been dupes. 

SECTION I. 

Of the Phih$opher*§ Stone* 

The philosopher’s stone (formerly called the work, by way of excellence, or cAry- 
sopea,* the transmutation of the base and imperfect metals into gold or silver) has 
since time immemorial been an object to which the attention of multitudes of people, 
either versed in chemistry or scarcely initiated in the science, has been directed. 
The vulgar even think that it is the sole object of chemistry ; and it must indeed be 
allowed that it was in some measure the fault of those who first cultivated that noble 
branch of. philosophy : there were few of them who did not suffer themselves to he 
blinded by the illusion of attempting to make gold. 

But at present fewer people are infatuated with the philosopher’s stone ; at any rate 


XpvfPtrticif auri fabrioatio, or goldmaking. 
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few of tbe enlightened ehemieti employ themselves with the means of making gold ) 
but there are still many other persons, who though they have'scarcely an idea of the 
simplest operations of chemistry, waste their time in vain attempts to regenerate that 
precious metal. They are often seen proceeding at haxard, and still imagining them* 
selves on tbe point of succeeding ; in tbe midst of poverty consoling themselves with 
the agreeable idea, that this indigence will be siicce^ed by the possession of immense 
treasures. They call themselves adeptSt because they pretend to have reached to 
the summit of philosophy, quan tumfnam aaptenfiam adepii t they speak enigmati* 
cally and in an unintelligible manner, because mankind in general do not deserve to 
possess such a secret. Filled with empty pride, they cast a sardonic smile of con- 
tempt on the rational chemists, and on those who endeavour to deduce phenomena 
from clear and established principles. 

yfe might say to the searchers after the philosopher's stone, Before attempting to 
make gold, first decompose and re-compose it ; for if there be any method of ascer- 
taining and demonstrating the constituent principles of any substance, it is that of 
decomposition and re-coroposition. We might say also to those alchemists. Before you 
make for us the precious metals, such as gold and silver, make for us only lead ;* for 
before you proceed to the most difficult, method requires that you shoul^ execute the 
easiest. But we are acquainted with no chemical operation which resolves either of 
these problems. Gold, as stubborn in regard to decomposition as to composition, 
always remains the same, in whatever manner it be treated : it is only more or less 
attenuated, hut is never in the state of calx. It has been kept for several years in 
fusion, without losing the least part of its weight. 

But let us hear the alchemists, and learn what are their pretensions in regard to the 
formation of metals. 

According to them, metals are all formed of an earth, which they call meretaialt 
but more or less mature, more or less mixed with heterogeneous matters ; so that, to 
convert the imperfect into perfect metals, nothing is necessary but to free them from 
these heterogeneous matters, and to mature them. 

All this is very fine x but who has proved the existence of this mercurial earth ? 
who has proved that the difference among metals consists in this greater or less ma- 
turity ? by what means is it to be produced ? To these questions no solid answer can 
be given. The partisans of this idea, seduced by words, have no just and precise 
conception of what they say. 

According to other alchemists, mercury contains in principle all the perfect metals ; 
it has the splendour of them, and nearly tbe weight ; it is even heavier than silver. 
If it is fluid and exceedingly volatile, it is because it is alloyed with impurities which 
degrade it. Tbe question then is to fix the mercury, by freeing it from these impuri- 
ties. We should then have the mercury of the philosophers, which would require only 
a certain degree of baking to be brought to a red heat, and the result would be gold; 
brought to a white heat, it would furnish silver ; nay, this matter would have such 
an activity on the impure parts of^other metals, that by throwing a pinch of it into a 
crucible filled with melted lead, it would transmute it into silver or gold, according as 
it had been carried to a white or a red heat. But tbe great matter is, how to destroy 
the impurities by which quicksilver is debased. Aristeus, a celebrated adept, teachet 
us the process in the clearest manner, in his ** Code de Verite." ” Take,” sa^s be, 

king Gaberiin, and the princess Beya his sister, a young lady, beautiful, fair, and 
exceedingly delicate : marry them together, and Gabertin will die almost immediately. 
Be not however alarmed ; after eighty days, Gabertin will revive from his ashes, and 
become more beautiful and more perfect than be was before his death ; will beget with 

• Some have pretended to make htm; bat it !• new proved Hh&t, in firo operatien employed for 

this pnrpgaci the iron »a only restored to its metallic form. 
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Bejra « red f^d« more beoutifol and perfect than tbemfelfti.'* After tfaia, will any 
one pretend to say that the alchemiete explain themaelree obtcurely ? ^at true 
adept, for there are true and false, and every one thinks himself among Ae former, 
will not evidently see in this allegory the whole proceu of the fixation of mercury 
and of the powder of projection ? 

This language, and this affectation of obscure aUegoriea, are no doubt very proper 
for making these pretended adepts be considered as finished and contemptible quacks, 
or perhaps as people whose brains have been derang^ by the heat of their furnaces. 
But the partisans of their researches and follies allege pretended facts; and it is our 
business to make them known. 

It is related that Helvetius, a physician and celebrated professor in Holland, having 
declaimed one day with great violence, in one of his lectures, against the vanity and 
absurdity of pretending to make gold, was visited by an adept, who gave him a cer- 
tain powder, a pinch of which, thrown into a crucible filled with melted lead, would 
transform it into gold : that the learned Dutchman did so, and obtained from his 
lead a considerable quantity of that metal. Helvetius then hastened to find the 
adept ; but the latter had given him a false address, and was not to be found ; for the 
chemists of this order never fail to disappear at the moment when they have given a 
proof of thefr profound knowledge. 

The same thing occurred, it is said, to the emperor Ferdinand. An adept came to 
him, and offered to transform mercury into gold. Mercury was put into a crucible in 
the presence of the prince, and the adept having performed certain operations, a 
button of gold was found in the bottom of the vessel. But while those present were 
employed in examining and assaying the gold, the adept disappeared, to the great 
regret of the emperor, who already beheld in idea the immense treasures tshicb be 
hoped to obtain by the acquisition of this grand secret 

At the sale of the effects left by M. Geoffroy, in 1777> there were three nails, 
which, as it was said, were a proof of the possibility of at least transmuting silver 
into a common metal, such as iron. They were the work, as asserted, of a celebrated 
adept, who wished to prove to Geoffroy the possibility of the transmutation of metals. 
One of these nails was converted into silver, by being dipped in an appropriate 
liquor ; the bead of the other only having been dipped, the remainder of it was iron ; 
and the point of the third having been dipped, that part was silver, and the 
head iron. 

Notwithstanding these authorities we have no belief in the philosopher’s stone. It 
is very probable, that in all these pretended transmutations, there was some decep- 
tion, even if the above accounts were true. In short, we shall believe in the philo- 
sopher’s stone when we have seen any adept perform before us the same operations ; 
but he must permit us to furnish him with the crucibles, rods, and ingredients ; for 
it is more than probable, that if gold has been made in this manner, it either 
existed in the matters employed, or some of it was introduced into them by 
sleight of hand. 

However, the alchemists pretend that all the fables of antiquity are nothing else 
than the process of the "grand work explained symbolically. The conquest of the 
golden fleece, the Trojan war, the events which followed it, and the whole mytho- 
logy, are only emblems of the chrysopea, prudently veiled by the ancient philosophers, 
who did not wish that their secret, become common, should be employed to produce 
an immense increase of the precious metals, which must then have lost their value, 
and have ceased to he the medium of commerce among mankind. The reader may 
see, in a curious work by Dom Pemetiy, entitled ** Les Fables Bgyptiennes et Grec- 
ques,** 3 vols. 8vo., including the ** Dictionnaire Mytbo^bermetique,” bow lar buman 
sagacity may be extended, to find an explanation of such fobles. But every thing 
may be explained in the same manner. We have beard of an adept, in the Faubourg 
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Saiist Mftfeeau, who, being peteoaded that tho whole Roman bigtory wae a fiction, 
intended to gite a diemical explanation of it, which would serve as a snp^ement to 
the Fables Sgyptiennes et Orecques. We have even heard that the history of the 
combat of the Horatii and the Curiatii was explained in it, with an appearance of 
trath, capable of making us doubt whether that fiunons circumstance in the Bomaa 
histoiy ever really took place. 


SECTIOir XX. 

Of Potable Gold. 

If there be no reason to think that gold will ever be made, is it not possible to 
employ this precious metal for prolonging life ? Gold is a metal unalterable, and as 
difficult to 1^ destroyed as to be made ; it is the sovereign of the metallic world, as 
the sun, to which it is assimilated, is in the system of the universe. Nature therefore 
must baVe concealed in this valuable body tbe most useful remedies; but to make it 
useful, in this respect, it is necessary that it should be introduced into tbe body in a 
liquid form ; it must in short be rendered potable : let us endeavour then to mdke 
potable gold. A life indefinitely prolonged is certainly worth all the treasures in tbe 
world. Such is in substance the reasoning of the alchemists, and therefore they have 
subjected gold to a multitude of operations, by means of which they have pretended 
to render it soluble, like a saltern water. The substance they produce has indeed the 
appearance of it; but to speak the truth, it is only gold very much attenuated, and 
by these means suspended in tbe liquid: in short, it is in no manner combined 
with the fluid, and it even gradually deposits itself at the bottom in the metallic 
form. 

However, the following is a process for making a kind of potable gold. We 
shall examine afterwards, supposing it to be a real solution of gold, whether it 
would possess properties so marvellous, and so salutary to the human body, as is 
pretended. ' , 

First dissolve gold in aqua regia : mix this solution with fifteeen or sixteen times 
tbe quantity of any essential oil, such as that of rosemary, stirring it round, and 
separate tbe aqua regia, which occupies the bottom, from tbe essential oil. If you 
then dissolve this essential oil in four or five times its weight of well rectified spirit 
of wine, you will have a yellowish liquor, known under the name of the potable gold 
of Mademoiselle Grimaldi. 

Vitriolic ether, and ethereal liquids of different kinds, possess tbe same property 
as essential oils ; namely, that of sehshtg on the gold dissolved in the aqua regia. A 
kind of potable gold therefore may be made with ether. This gold may then be 
taken in drops on sugar, in the same manner as when ether is taken ; for this liquor 
is not miscible with water. 

The celebrated drops of General Lamotte are not different firom the potable gold of 
Mademoiselle Gramaldi. It has been remarked that one gross of gold was diluted in 
216 gross of spirituous liquor, and as tbe bottles must have weighed two gross, and 
as General Lamotte sold his fqr 24 livres, it results that with one gross of gold he 
made at least 108 bottles, from the sale of which be received at least 2592 livres. In 
reality he made 186, which were worth to him 3264 livres. 

It hence appears, that if General Lamotte's drops were not useful to the health, 
they were exceedingly useful to his purse. But what will not quackery effect among 
.mankind, when supported by ignorance and the love of life ? 

But let us examine whether there be any foundation for the wonderful propertimi 
ascribed to potable gold. A very little reasoning will shew that nothing can rest on 
a slighter foundation. What proofii indeed can the alchemists produce, that potable 
gold is salutary to tbe human body ? Because gold is the most fixed of all metals, 
because it has tbe beautiful colour of the sun's rays, because it is represented in 
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Of PairngmetifB 

Paliilgmiy ii ftjelieiilieal operate, by meant of wbieb» a plant, or an animal, at 
aoato pratfnA be tevitatf its atbea> This, if tme, would no doubt be one 
of the oobleet teereta of ebemiitryand pbilofopby. If some anihori are to be ere* 
dlted, aeVecal leorned men of tbe I7ib century were in posseuion of it , but at present, 
et tbit pretended eeeret, in eonteenenee of tbe ipreat progrets made in chemistry, is 
eoneidered as a asare ebimera, we ihaU here confine ourselves to examining the foun* 
datioD of tboarprineiplea wbidi have induced some respectable authors, su<di as tbe 
Abhfi VaHeaioot* and otbere, to believe in the possibMtty of this process. 

Aeoording to tl^ honest Abbfi, nothing is aunpler and easier to be explained. We 
are indeed Udd, says he, by Father Kircber, that tbe seminal virtue of each mixture is 
contained in its salts, and these silts unaiterable by tbdr nature, when put in motion 
by beat rise in the vessel througirtbe liquor in wbi^ they are diffused. Being then 
at liberty to arrmige themselves at pleasure, they place tbemselves In that order in 
which they would be placed by tbe effect of vegetation, or the same as they occupied 
before the body, to wMcb they belonged, bad been decomposed by tbe five . in 
^ort, they forai a plant, or the phantom of a p^nt, wbidi has a perfect resein- 
bbuioe to the one destroyed. 

This reasooiiigis worthy of an author who could believe that be who robs another 
of bis money can exhale corpusdes diflbrent from those exhaled by a man who carries 
bis own, a^ thereby make the divining rod turn towards the places where he has 
passed, or remained for some time. Does it not shew great weakness to believe 
that tbe mere immorality of an action can produce physical effects ? It would indeed 
be offwiog an insult to our readers, to attempt to shew tbe folly and absurdity of the 
above reaeoniiig of the good Abhd, and of Father Kiicher. Det us therefore only ex* 
amine the foots ndilch he relates. 

An English chemist, named Coxe, asserts that having extracted and dimolved the 
essential salts of fom, and then filtered the liquor, he observed, after leaving it at rest 
for ffve or six weeks, a vegetation of small foms adhering to the bottom of the vessel 
Thefnne chanutt, having miked oortbem potash with «i equal quantity of sal am* 
monfoc, saw soma time ai^ a small forest of pines, and other treee, with which he 
was not acquainted, rising from thefootton of the vessel. 

ThefoHowhug fo^jb eon^ared by the author as more conidasive. Hie celebrated 
Bojde,4be4igh not very fovouialde to pa|ii^ety, rentes, that having dfosolred in 
water some verdigHib whkh, as is wnH known, xi produced by combiaing eniqwr with 
the acid of vinegar, and havii^ caused this water to coogeel by means of artifiefol 
r^lAhotdwervedat^surfime of ihe foe smaH figure!, wideh imd an exaet tfeetm* 
blimpd to rfoee, 

HpWr l pii tM itog ttaw &cK tad oHm , noted to ito AUMtow ItetertMiriar, 
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more conclusWe, it must be confessed tbat they support their assertions by very weak 
proofs* Every true chemist sees in these phenomena nothing but a simple ramified 
crystallization, which may be produced by different well known compositions, 
the most beautiful of these crystallizations, called improperly vegetations, are pro- 
duced by the combination of bodies from the animal kingdom. 

The last experiment, related by Boyle, might occasion more embarrassment ; but 
as it is the only one, of a great many, made with the essential salts of a variety of 
plants, that succeeded, there can be no doubt that the figures he saw were the mere 
eflfect of chance ; for how many other philosophers, who made the same attempt, 
saw nothing but what is exhibited by the surface of frozen water, which sometimes 
forms ramifications exceedingly complex ? 

The partisans ofpalingenesy however quote other authorities, to which they attach 
great importance. We are told by Sir Keiielm Digby, on the authority of Quercetan, 
physician to Henry IV. of France, tbat a Pole shewed twelve glass vessels herme- 
tically sealed, each containing the salts of different plants: that at first thjte salts 
had the appearance of ashes, but that when exposed to a gentle and moderate heat, 
the figure of the plant, as a rose for example, if the vessel contained the ashes of a rose, 
was observed gradually to rise up, and that as the vessel cooled the whole disappear- 
ed. Sir Kenelm adds, that Father Kircher had assured him, that be performed the 
tame experiment, and that he communicated to him the secret, but it never had 
succeeded. The story of this Pole is related by various other authors, such as Bary 
ill his Physique, and Guy de la Brosse, in his book on the Nature of Plants. * 

Lastly, we are told by Kiicher himself, in his Ars Magnetica, that he had a long- 
necked phial, hermetically sealed, containing the ashes of a plant which he could 
revive at pleasure, by means of heat ; and that he shewed this wonderful phenome- 
non to Chiistina, queen of Sweden, who was highly delighted with it; but that hav- 
ing left this valuable curiosity one cold day in his window, it was entirely destroyed 
by the frost. Father Schott also asserts, that he saw this chemical wonder, which, 
according to bis account, was a rose revived from its ashes ; and he adds, that a cer- 
tain piince having requested Kirchcr to make him one of the same kind, he chose 
rather to give up his own than 1o repeat the operation. 

The process, indeed, as taught by Kirchcr, is so complex and tedious, that it would 
require no small patience to follow it. Father Schott relates it at full length, in his 
work entitled “ Jocoseria Naturae et Artis,” and he calls it the Imperial secret, 
because the emperor Ferdinand purchased it from a chemist, who gave it to Kircher. 

This emperor was exceedingly fortunate , for it was to him that the philosopher, 
who had the secret of the philosopher's stone, addressed himself, and gave a proof of 
his art by transmuting, as is said, in his presence, three pounds of mercury into two 
pounds and a half of gold. 

We must however content ourselves with pointing out the places where the curious 
may find this singular process ; for besides the length of the description, nothing 
seems less calculated to succeed. Digby, therefore, and many others who followed 
this method, did not obtain a favourable result ; and there is reason to believe that 
their zeal for palingenesy would induce them to omit nothing tbat was likely to insure 
them success, 

Dobrezensky, of Negropont, has also given a process for the resurrection of 
plants, which seems to have been attended with no better success. We ai’e at least 
told by Father Schott, that the attempts of Father Conrad proved inefiTectual, and 
he therefore supposes that Dobrezensky did not reveal all the circumstances of the 
process, hut kept the most important to himself. 

What then can be said in opposition to all these authorities? In our opinion, the 
the Polish physician was a quack, and we shall describe hereafter a method of pro- 
ducing a false palingenesy, which, if performed with art and in a proper place, may 
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impote on credulous persons* To be convinced that Dobresensky of Negropont was 
a mere impostor, we need only reed the “Technica Curiosa,** or the **Joco8eria 
Nature et Artis,'* of Father Schott; for he had the impudence to pretend that he 
could pull out the eye of an animal, and in the course of a few hours restore it, by 
means of a liquor, which he no doubt sold as a remedy for sore eyes. He even tried 
it on a cock. A person who could assert such an impudent falsehood, in regard to 
one fact, would do the same in regard to another. 

The authority of Father Schott will certainly be of little weight with those who 
have read his works. 

In regard to the testimony of Rircher, we confess that we find some embarrass, 
ment : a Jesuit certainly would not wilfully have told a falsehood. But Kircher 
was a man of a warm imagination, passionately fond of every thing singular and 
extraordinary, and who had a strong propensity to believe in the marvellous. What 
can be expected from a man of that character? He often thinks he sees what 
he does not see, and if he deceives others he is first deceived himself. 

Some persons go still farther, and assert that an animal may be revived from its 
ashes. Father Schott, in his ** Physica Curiosa,*' even gives the figure of a sparrow 
thus revived in a bottle. GafifSrel, in his ** Unheard of Curiosities,'’ believes in this 
&ct, and considers it as a proof of the possibility of the general resurrection of bo. 
dies. This pretended revival, however, is a chimera, still more absurd than the 
former; and which, at present, it would be ridiculous to attempt seriously to 
refute. 

In short, what reasonable man can with Kircher believe, that if the ashes of a 
plant be scattered on the ground, plants of the like kind will spring up from them, 
as he says he frequently experienced ? Who can admit as a truth, that if crabs be 
burnt, and then distilled, according to a process given by Digby, there will he 
produced in the liquor small crabs of the size of a grain of millet, which must be 
nourished with ox's blood, and then left to themselves in some stream ? yet we are 
told by Sir Kenelm that this he himself experienced. It is therefore impossible to 
clear him fiom the charge of imposture, unless we suppose that by some means or 
other he was led into error. However, it is certain that Digby, with great zeal and 
a considerable share of knowledge, had a strong propensity to all the visions of the 
occult and cabalistic sciences. In our opinion, he was one of those visionaries 
known under the name of Roaicrusians. 

An illusory kind of Palingeneay* 

We have already mentioned a kind of sleight of hand, by means of which, ere. 
dulous people might easily be imposed on, and induced to believe in the reality 
of palingenesy. We shall now discharge our promise by describing it. 

Provide a double glass jar of a moderate size, that is, a vessel formed of two jars 
placed one within the other, in such a manner, that an interval of only a line in 
diameter may be left between them. The vessel may be covered by an opake top or 
lid, so disposed, that by turning it in different directions, the inner jar may be raised 
from or brought nearer to the bottom of the exterior one. In the interior jar, on a 
base representing a heap of ashes, place the stem of an artificial rose. Into the 
lower part of the interval between the two jars introduce a certain quantity of ashes, 
or some solid substance of a similar appearance ; and let the remainder be filled with 
a composition made of one part of white wax, twelve parts of bog's lard, and one or 
two of clarified linseed oil. This oily compound, when cold, will entirely conceal 
the inside of the jar ; but when brought near the fire, if done with dexterity, it will 
dissolve, and by shaking the lid, under a pretence of hastening the operation, the 
compound may be made to fall down into the bottom of the exterior jar. The rose 
ill the interior one will then be seen ; and the credulous spectators, who must not be 
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■uffercd to approach too near, will be surprised and astonished. When you wish to 
make the rose disappear, remove the jar from the fire, and by a new sleight of hand 
make the dissolved semi-transparent wax flow back into the interval between the 
jars. By accompanying this manoeuvre with proper words, the gaping spectators will 
be more easily deceived, and will retire firmly persuaded that they have seen one 
of the most curious phenomena that <^n be exhibited by the united efforts of che- 
mistry and philosophy. 


SUPPLEMENT 1. 

OF THE DIFFERENT KINDS OF PHOSPHORUS, BOTH NATURAL AND 

ARTIFICIAL. 

One of the most interesting objects in chemistry is Phosphorus ; for it is a very 
singular and curious spectacle, to see a body, absolutely cold, emit a light of greater 
or less vivacity, and others kindle of themselves, without the application of fire. 
What person, who has any taste for the study of^ature, will not be struck with 
astonishment, on viewing such phenomena ? 

These phenomena are the more remarkable, as most philosophers have hitherto 
failed in their attempts to explain them. We, however, except the artificial kinds 
of phosphorus, respecting which they have advanced things consistent with proba- 
bility, and founded on chemical causes fully established. But in regard to the 
natural kinds nothing satisfactory has yet been offered. The explanation of them 
depends, no doubt, on a more profound knowledge of the nature of fire and light. 

Some kinds of phosphorus are natural ; others are the production of art, and par- 
ticularly of chemistry. Hence we are furnished with a natural division of this Sup- 
plement. Wc shall begin with the Natural. 

ARTICLE I. 

O/ the Natural Kinds of Phosphorus. 

SSCTION I. 

Of the Luminous appearance of the Sea, 

Though navigators must have observed this phenomenon for many centuries past, 
as it is common to every sea, and as there is scarcely any climate wheie it does 
not, under certain circumstances, present itself, it appears that very little attention 
has been paid to it till within a late period. Most sea-faring people believed that 
this light was merely the reflection of that of the stars, or of that of the vessel it- 
self; others, considering it as a real light, imputed it to the collision of sulphur 
and salts ; and, satisfied with this vague explanation, they scarcely condescended to 
pay attention to the phenomenon. 

As it is highly worthy of profound research, and is attended with very remarkable 
circumstances, we shall here give a description of it, as it appeared to us on our 
passage from Europe to Guyana, in the year 1764. 

Ido not recollect that we beheld the sea luminous till our arrival between the tro- 
pics ; but at that period, and some weeks before we reached land, I almost constantly 
observed that the ship’s wake was interspersed with a multitude of luminous sparks, 
and so much the brighter as the darkness was more perfect. The water around the rud- 
der was, at length, entirely brilliant ; and this light extended, giadually diminishing. 
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alonfip the whole wake. I remarked algo, that if any of the ropes were immersed 
ill the water they produced the same effect. 

But it was near land that this spectacle appeared in all its beauty. It blew a 
fresh gale, and the whole sea was covered with small waves, which broke after 
having rolled for some time. When a wave broke, a flash of light was produced ; 
so that the whole sea, as far as the eye could reach, seemed to be covered 
with fire, alternately kindled and extinguished. This fire, in the open sea, that is 
at the distance of ^ or 60 degrees from the coasts of America, had a reddish cast. 
I have made this remark, because I do not know that any person ever examined 
the phenomenon which I am about to describe. 

When we were in green water,* the spectacle changed. The same fresh gale 
continued ; but in the night time, when steering an easy course, between the 3d 
and 4th degree of latitude, the fire above described assumed a tone entiiely white, 
and similar to the light of the moon, which at that time was not above the horizon. 
The upper part of the small waves, with which the whole surface of the sea was 
curled, seemed like a sheet of silver; while on the preceding evening it had resem. 
bled a sheet of reddish gold. I cannot express how much I was amused and inte* 
rested by this spectacle. 

The following night it was still more beautiful ; but at the same time more alarm- 
ing, in consequence of the circtmstanccs under which I then found myself. The 
ship had cast anchor at a considerable distance from the land, waiting for the new 
moon, in order to enter the harbour of Cayenne. Being anxious to get on shore, 1 
stepped into the boat with several other passengers ; but scarcely had we got a 
league from the ship, when we enteied a part of the sea where there was a prodi- 
gious swell, as a pretty smart gale then prevailed at south-east. We soon beheld 
tremendous waves rolling in our wake, and breaking over us. Bui what a noble 
spectacle, had we not been exposed to danger ! Let the reader imagine to himself a 
sheet of silver, a quarter of a league in breadth, expanded in an instant, and shin- 
ing with a vivid light. Such was the effect of these billows, two or three of which 
only reached us, before they broke. This was a fortunate circumstance, for they 
left the boat half filled with water, and one more, by rendering me a prey to the 
sharks, would certainly have saved roe from the trouble of new modelling the work 
of the good M. Ozatrnm. 

There is scarcely a sea in which the phenomenon of this light is not sometimes 
observed ; but there are certain parts where it is much more luminous than in others. 
In general, it is more so in warm countries, and between the tropics, than any 
where else ; it is remarkably luminous on the coasts of Guyana, in the environs of 
the Cape Verd islands, near the Maldives and the coast of Malabar, where, accord- 
ing to M. Godeheu de Biville, it exhibits a spectacle very much like that above 
described 

A phenomenon so surprising could not fail to excite the attention of philosophers ; 
but till lately they confined themselves to vague explanations; they ascribed it to 
Bulpbur, to nitre, and other things, of which there is not a single atom in the sea, 
and they then imagined that they had reasoned well. 

M. Yianelli, an Italian philosopher, is the first person, it seems, who endeavoured* 
by the help of observation, to explain the cause of this light ; and be was thence 
conducted to a very singular discovery. Observing that the sea water, near Chi- 

* The water of the sea, at least of the Atlantic Ocean, at a distance from the coasts, is of a dark 
blue oohmr; but near land, that is to say, 20 or 2A leagues from the coast of Guyana, the 
anddenly changes its colour, and becomes a brautifui green. 'I'bi't is a sign of boing near land, 'inis 
change, in all prolmbiUty, ia produced by the muddy, yellowish water of tbenver of the Amaxons; 
for it IS well known that blue and yellow form green But a remarkable ctrcumstance is, that tiiis 
^ange is absolutely abrupt; it does not cake pUoe by degrees, but suddenly and in an interval, 
which appeared to me, from Uie deck of the veMel, to be scmroely a fbot in extent. 
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oggta* had a very luminouB appearance, and that the light was concentrated into 
small brilliant points, he conceived the idea of examining it with a microscope* By 
these means he found that those luminous points ere small insects, resembling 
worms, or rather caterpillars, composed of twelve articulations ; that they differed from 
our luminous worms in this respect, that the light proceeded from every part of their 
bodies, and that when at perfect rest the light ceased, but that it re-appeared when 
they were put into a state of agitation. This explains w hy certain parts are made 
to sparkle by the strokes of an oar, the dashing of water against the rudder, and 
the breaking of the waves, while the rest of the water remains dark. These ob- 
servations were confirmed by the Abb6 Nollet, who soon after undertook a tour 
to Italy. 

It appears however that the insect which gives a luminous appearance to the water 
of the sea, is not every where the same. M. Godeheu de Riville, having observed 
some of these luminous points in the Indian seas, betweeh the Maldives and the coast 
of Malabar, saw an insect quite different from Yianelli’s worm with twelve rings. This 
insect has a near resemblance to that called the water flea, and is enclosed between 
two transparent shells, somewhat like a kidney half open. The luminous matter 
seems to be contained in a vessel, which may be compared to a bunch of grapes ; it 
consists of small lound grains, and when the insect is pressed it emits aluminous 
liquor. It then mixes with the water, and, as it is of an oily natuie, it collects itielf 
on its surface in the form of small round drops According to every appearance the 
insect suffers this phosphoric liquor to escape only in consequence of some shock or 
agitation, or of other circumstances; and hence the reason why the sea is not lumin- 
ous except when agitated, and at certain times more than others.* 

M. Rigault observed, in the seas between Europe and America, another insect, 
different from the worm of Vianelli, or the water flea of M, Godeheu, being rather a 
kind of polype, almost spherical, and with only one arm. 

In the last place, M. Leroy, a physician of Montpellier, observed, in sea water, 
globules of a phosphoric matter, on which be made different experiments to ascertain 
what circumstance rendered them luminous, and by what means they were deprived 
of that quality. From these experiments he was induced to conclude, that though 
Vianelli and others have, on good grounds, ascribed the luminous appearance of the 
sea to insects, or to a liquor which they contain, and which they emit on certain 
occasions, this is not the only Cause ; but that it may arise also from a phosphoric 
matter in' the water of the sea, and which is produced thereby a peculiar combination 
of the principles dispersed throughout it ; that this matter is not always luminous, 
hut becomes so from different causes ; such as the shock of the particles of the water 
against each other, the contact of the air, and its mixture with certain liquors.f 

section n. 

Of some Luminous Insects* 

If those beings which we tread under foot hold a very low, and, we might even 
say, contemptible rank in the animal kingdom. Nature, which seems to observe a 
general system of compensation, has given to several of them properties very extra- 
ordinary, and for which the largest animals might envy them : such is that of emitting 
light, with which many of them are endowed. We are acquainted indeed with no 
large animal which enjoys it while living ; but there are several insects which are 
luminous, and it appears that they can become so at pleasure. Of what utility is this 
light to them, and how is it produced ? These are problems which we shall nc^ 
attempt to solve ; we shall only confine ourselves to facts. 


• See MSmoircR des Svavaus Strangers,** vol. iii. 


Gdenk. 
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1. Of the Glow-worm, 

Every person is acquainted with this small insect, the light of which is often 
observed under the hedges in the fine evenings of summer. 

This insect, called by the Greeks lampyrist and by the Latins cieindela, exhibits 
nothing remarkable in its external appearance. It has a pretty near resemblance to 
the sea louse, only that it is much smaller, and proportionally thinner. It is its last 
ring, where the anus is situated, that emits the light, by which it is distinguished 
from other animals of the same class. This light is of a pale greenish colour, and the 
animal can shew or conceal it at pleasure. It is supposed that it is by this light, 
which is peculiar to the female, that It attracts the male : the latter has wings, and 
is destitute of this luminous quality. This however is rather a matter of conjecture, 
and is contested by Baron de Geer, a celebrated Swedish naturalist, in consequence 
of some observations made by him. 

An insect so singular was, no doubt, worthy of being celebrated by the poets ; 
and indeed M. Huet, bishop of Avranches, has made it the subject of a small poem, 
entitled Xampym, which is much esteemed by those who are fond of Latin poetry. 
It begins in the following manner. 

Qtias nova per ctecut fplcndesdt stelhila noctes 
Sepibus in nostns 7 An ab eetbere lapsa sereno 
Astra cadunt, taatis an captant fngora ulvis. 

Si quando ardentis coept^runt tsedia ooelit 
Non itk, oed duria frustrk exercita xnatris 
Impcriia, senteslustrat Laznpyris opacos, 

Si fortk aminmm poosit repeiire monile. 

The poet then feigns that the nymph Lampyris, having lost her necklace, is ex* 
pelled by her mother, and that she wanders about through the woods, searching for it 
by the help of a lantern. These ideas were much applauded a century ago ; but we 
do not know whether the case^be the same in the present one. 

2. Of the Fire Fly of warm climates. 

Such is the luminous insect of our climates ; but the warmer countries have been 
more favoured by nature. Their luminous insects have wings. They are found in 
Italy after the Alps are crossed ; and they become^ore frequent, according as the 
traveller approaches the southern parts of Italy. They exhibit a very curious spec- 
tacle, during the fine nights of summer, when they are seen flying about in every 
direction, and one cannot move a step in a meadow without observing some of these 
small animals, whose route is marked by a train of light. I never ergoyed this 
spectacle in Italy ; but I have seen it in South America. 

It appears, however, that the fire flies of Italy, and those of America, are entirely 
different from the luminous insect of our countries. I confess that during my resi- 
dence in America I did not pay much attention to them. I was employed with 
occupations of greater importance ; but I know with certainty that this insect emits 
light as it flies about. The part of its body which is luminous seems to be concealed 
by its wings, or by the covering of them when closely applied to the body. 1 have 
never seen a good description of this insect, which has a great resemblance to a com- 
mon fly. 

It may be readily conceived, that these luminous insects must have inspired some 
persons with the hope of obtaining from them a perpetual phosphorus. Many at- 
tempts have been made for thb purpose ; but though the posterior part of the animal, 
when it is cut in two, retains its light for some time, it gradually becomes extinct : 
and every effort hitherto made to retain it has proved fruitless. Some authors 
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indeed bare proposed means for accomplishing this object $ but these people were 
either impostors, or labouring under a deception : it is certain that their pretended 
means will not succeed. 


3. Of the Cucuyo of America* 

A valuable acquisition of this kind, possessed by America, is the Cucuyo. The 
Caribs have given this name to a large beetle, found in the islands of the Gulf of 
Mexico, and even in Mexico itself. Its luminous quality is seated in the eyes, and in 
two parts of its body covered by the sheaths of its wings. It is asserted that five 
or six of these beetles will afford a sufficient light to enable a person to walk in the 
darkest night*, that the natives of the country tie them together alive, and by these 
means form them into a sort of necklaces, to guide them through the woods, and 
that they employ them in their huts to give them light to perform their nocturnal 
labours. But this we can hardly believe. 

4. Of the Beetle of Guyana, 

A luminous insect, which had a great resemblance to the Cucuyo, and which perhaps 
was the same, was some years ago brought to France by a very singular accident. 
A great deal of wood for cabinet-makers having been imported from Cayenne, in 
1764, and the following years, a cabinet maker purchased apiece of it, and kept it 
by him till he should find use for it. His wife hearing some noise one night, like the 
buzzing of an insect when flying, observed soon after a strong light adhering to the 
window. Recovering from the terror which this spectacle at first inspired, she ran 
up to it, and found an insect of the coleoptera kind, (that is, insects whose wings are 
covered by a sheath,) which emitted from the posterior parts of its body a bright 
light that illuminated the whole of the apartment. The insect was put into the 
hands of M. Fongcroux, who wrote a description of it, which was inserted in the 
Memoirs of the Academy of Sciences for 1766. 

There is great reason to think, or rather it is certain, that the animal had been 
brought over in the piece of wood in the state of nymph, concealed in some bole ; 
the time of its development being arrived, it issued from its retreat, and appeared 
under the form of a beetle. 

If this insect was not the Cucuyo of the American isles, or of New Spain, it must 
be considered as a fourth kind endowed with the property of emitting light. 

SECTION III. 

Of some other Phosphoric Bodies, 

We hall here take a cursory view of a great number of other phosphoric bodies. 

1. The Eyes of different animals* 

As several animals, such as the tiger, and the cat, which is only a tiger in minia- 
ture, the wolf, the fox, &c., among quadrupeds; and the owl, and others, among 
birds, have been destined by nature to search for their food in the night time, it was 
necessary they should have a lamp to guide them. This lamp is contained in their 
own eyes ; for they are luminous, and it is no doubt by this light that they are guided 
in the dark. As their retina is exceedingly sensible, the light of their eyes renders 
objects to them sufficiently luminous. Besides, nature has favoured them with a 
very large aperture in the pupil, so that the quantity of light which reaches the 
retina is increased. Such, in all probability, is the meebanism by which these animals 
see in the night time : the extreme sensibility of their retina renders the light of the 
day incommodious to them, and even blinds some of them. 

It appears that these animals have it in their power to render their eye« luminous 
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ftt pleasure. I bare often seen those of a cat* which I kept, entirely destitute 
of light* while at other times they were like a burning coal. 

The dog also is endowed in some measure with the same property. I have several 
times seen the eyes of that animal sparkle. 

In short* it is asserted that some men also are endowed with this property. Ti- 
berius, it is said* could see in the night time ; and the same thing is related of many 
others. The most singular instance of this faculty is that of a hermit, who* ac- 
cording to Moschus* ill his ** Pr4 Spirituel**' had never occasion for a lamp while 
reading at night, or employed with any other occupation. Those who could believe 
such ridiculous tales* would almost deserve to be sent to feed cum amts et 
jumentU. 


2. Clayton*$ Diamonds 

This diamond was much celebrated ; and if it was not one of the finest of its 
kind, this defect was more than compensated by the singular property it possessed. 
When rubbed in the dark againt any dry stuff, or against the fingers, it shone with a 
faint whitish light. The celebrated Boyle made a great many observations on this 
diamond, an account of which he communicated to the Koyal Society in 1668; and 
he does not hesitate to call it e precious stone, unique of its kind, — gevima tui generis 
unica ; for at that time no other was known which possessed the same property. 
We have however heard that, since that time, other diamonds have been found, which 
could be rendered brilliant in the dark by friction. This singular diamond was pur- 
chased by Charles II. 

We shall here say a few words respecting the carbuncle, which, as some pretend, 
shines also in the dark ; but we must observe, that this property ascribed to it is 
absolutely fabulous. The carbuncle is a ruby ; but no ruby, nor any other hind 
of precious stone, shines in the dark ; and this supposed phenomenon is merely a 
popular tale. 

We may make remark also that this light is not properly phosphoric, but is of the 
same nature as electric light. The diamond indeed is susceptible of becoming elec- 
tric by friction ; its light is of the same nature as that emitted by sugar when grated, 
and by various other bodies when rubbed. 

3. Rotten Wood, 

It is not uncommon to find, in the forests, pieces of rotten wood, which emit a 
very vivid light of a white colour, inclining to blue ; it has even sometimes happened 
that this light has been the occasion of great terror. 

Unfortunately, every kind of rotten wood is not phosphoric; and the cause which 
renders it so is not known. 

We must class also, among the number of puerile tales, what is related by Josephus 
of a plant called Baarasy said to be luminous in the dark. This plant, it is said, can- 
not be plucked up without the most imminent danger; but when the root of 
the plant has been loosened, a dog is tied to it, and the animal, by making efforts 
to join its master* at length tears it up. Is it possible that authors can thus sport 
with the credulity of mankind I 

We must place in the same rank what is related by Pliny of another plant* called 
JVyctegretum, which grows* it is said* in Qedrosia* and which* when tom up by the 
root and dried in the sun's rays for a month* becomes luminous in the night time. 
This it not absolutely impossible ; but if so* the plant would be known to our natu- 
ralists, as well as the Aglao-phytis, and the Lunaris, to which the same property was 
ascribed, according to the testimony of .^lian. When a circumstance is related by 
jEliari, one may bet a hundred to one that it is a fable. 
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4. The WormB in Oyttert, 

This natural phosphorus was first remarked by M. de la Voye, who communicated 
his discovery to M. Auzout, in 1666. 

Small oblong worms, which shine in the dark, are often engendered in oysters. 
According to the description given of them, some are as large as a small hair pin, and 
about five or six lines in length : others are much smaller. He found also three 
kinds ; the first with legs, to the number of about twenty*five on each side ; the 
second kind were red, and similar, except in size, to our common glow worms ; the 
third were of a singular form, having a head like that of the sole. They readily re- 
solve, on the least touch, into a viscid matter, which retains its luminous property for 
about twenty seconds. 

Such are the observations of M. de la Voye, which do not entirely agree with those 
of M. Auzout, who observed only a viscid matter, extended in length. But it is to 
be remarked, that the latter made his experiments only on old oysters ; whereas the 
former made his on oysters quite fresh. 

5. Putrid Flesh, 

Putrid flesh is also susceptible of becoming sometimes luminous in the dark. 
Leniery says that a great quantity of such luminous flesh was seen at Orleans, in 
1696; some of it was entirely so ; other pieces were luminous only in some points, 
which had the appearance of small stars. People were at first afraid to eat of it ; but 
they soon learnt by experience that there was no danger, and that it was as good as 
any other. It was remarked that in some butchers* shops the meat was almost all 
luminous ; in others only part of it was so. 

Fabricius ab Aquapendente relates the same thing of a lamb, purchased by some 
young men at Borne. One half of it, which was left, being put by, they observed in 
the evening that several parts of it were luminous. They immediately sent for the 
above physician, who having examined the phenomenon with attention, observed that 
the flesh and the fat shone with a silver coloured light; and that a piece of goat's 
flesh, which bad touched the lamb, shone in the same manner. The fingers of those 
who touched it became luminous also. He observed likewise that the luminbus 
places were softer. This phenomenon would, no doubt, be observed more frequently 
if the butchers’ shops, and places where meat are kept, were oftener visited 
in the dark. 


6. Dijfferent kinds of Fish, or the Parts of Fish, 

But this phenomenon is most frequently exhibited by fish, and their different 
parts. 

It is generally when fish, or any of their parts, approach the state of putrefaction, 
that they acquire this phosphoric property. Leo Allatius, in a letter to Fortunio 
Liceti, says that he vras once much fngbtened by fresh water crabs thrown into a 
corner by a careless servant. He describes the whole of this adventure at great length ; 
but want of room will not permit us to enter into any farther details respecting it. 

According to Pliny, and other author8,the sea- worm is susceptible of shining in this 
manner. Those who reside near the sea coast may have an opportunity of ascertaining 
the truth of this fact. 

The celebrated Thomas Bartholin observed the same thing, in regard to some 
polypes, which be was dissecting : he gives this name to the fish called at present 
the cuttle fish, since he says Ibat it contains a black liquor, which may be employed 
as ink. This light, adds he, flowed from beneath the skin, and was the more abun- 
dant the nearer the animal approached to a state of putrefaction. 

We shall conclude this subject by mentioning some experiments of Dr. Beale, to- 
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#erted in the Philosophical Transactions, for the year 1666. Fresh mackarels having 
been boiled in water with salt and herbs, the cook stirring the water a few days after, 
to take out some of the fish, observed that on the first movement of the water it 
became luminous, as well as the fish, which emitted a strong light through it : the 
water also appeared to be transparent: whereas in the day time it was opake. 

Drops of this water were exceedingly luminous ; and wherever they fell, they 
left a luminous spot, as large as a six-pence. On rubbing the hands with it, they 
became entirely luminous. 

We have here confined ourselves to facts ; for nothing farther can be said on the 
subject, as it is difficult to assign any probable or well-founded cause for this light. 
The globulous matter of Descartes was exceedingly convenient for explaining all 
these phenomena; for it was sufficient to say, that putrid fermentation, being a kind 
of intestine motion, this motion, according to every appearance, put in action the 
globulous matter in which light consists. But unfortunately this matter, at present, 
is considered as a chimera. 

ADDITION BT THE FRENCH CENSOR. 

There are some inaccuracies in what has been before said in regard to the luminous 
insects, in the Ist, 2d, 3d, and 4th paragraphs of the second section. The author 
seems to have trusted too much to his memory, which has led him into error, and not 
to have been acquainted with every thing written on the subject. We shall there- 
fore supply this deficiency. 

Ist. The male of the glow worm is a winged insect of the class of the coleoptera, 
or insects which have sheaths to their wings. It is not entirely destitute of the pro- 
perty of being luminous. M. Fougeroux says, that he often caught in the dark some 
of these males, which were attracted by the light of the female, and he observed that 
they emitted light themselves after copulation. 

2d. The fire-fly of Italy, commonly known under the name of the lucciola^ is not a 
fly ; it is also an insect with sheaths to its wings, and in form approaches near to the 
male of the glow worm. At first one might be induced to believe that it is the same 
insect, to which the climate has given the property of shining in the dark, as is the 
case with that of our country under certain circumstances. But there are some 
differences, which will not allow of their being confounded ; and what seems abso- 
lutely to exclude this identity is, that in places were the lucciolai^ found, the common 
glow worm is never seen, though it exists also in Italy. 

In regard to the luminous insect of the warm countries of America, I must remark, 
with the author, that I am unacquainted with any correct description of it. 

3d. What has been said, in regard to the luminous insect of Cayenne, is not entirely 
correct; and the account given of its being discovered requires to be rectified. In 
the month of September, 1766, two women, in the Faubourg Saint- Antoine, saw this 
insect in the evening flying through the air, like a stream of light, and at length settle 
on a window. They at first thought it was one of those falling stars so common 
during the summer nights ; but as the light continued, they went to inform the occu- 
piers of the house against which the animal rested. It was caught, and given to M. 
Fougeroux, in order that he might examine it. That it came from Cayenne was 
only conjecture ; but by comparing it with the insects of that country, it appeared to 
be an inhabitant of the same or a neighbouring climate. It was a coleoptera, known 
under the name of m€areBchalt and of the class of those which, when placed on their 
hHck, dart into the air like a spring which unbends itsejf : on this account it has been 
distinguished by the name of elaUr. This insect is an inch and a half in length ; its 
light is contained in two elongated protuberances, placed on the posterior and lateral 
part of its corselet. It emits light also in certain positions, by the separation of its 
body from the corselet ; and in all probability by that of the rings of its body from 
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esch other. This light is of a beautiful green colour, and of such strength, that if the 
insect be put into a paper cornet, one can see to read the smallest characters by it, at the 
distance of some inches. The insect is found also in Jamaica, and has been described 
by Brown, under the denomination of elater major fuscut phosphoricus. Another 
smaller kind of phosphoric fly is found in Jamaica, and also in Saint Domingo. 

4th. What the author says of the cucuyo of America, that it emits light from its 
eyes, and two parts above the sheaths of its wings, is not correct. It is possible that 
travellers, unacquainted with natural history, who have spoken of it, may not have 
examined it with attention. 

5th. There are some other luminous insects, which the author has not 'mentioned. 
The lantern bearer, or aeudia, which Beaumer places in the class of the pro*cigaUtt 
(cicada spumaria), ora class which approaches near to that of the ctpaies, (grass- 
hopper), the ttielleur beetle of Surinam ; like the author we are unacquainted with 
any description, sufficiently correct, to enable us to determine in what they differ from 
the cucuyot and from each other. Such also is the lantern-bearer of China, described 
by Lirinssiis, in the Tiansactions of the Academy of Stockholm; but as the animal 
was dead, that learned naturalist had no opportunity of ascertaining what part of it is 
luminous ; he suspects it is the probosciB, which does not appear improbable. There 
is also an insect of the same kind in Madagascar, known under the name of hese- 
cherche, which shines in the night-time. But we have never seen a description of it. 

6th. Clayton’s diamond was long considered to be the only one which had the pro- 
perty of shining in the dark. But M. Dufay found, by a great number of experi- 
ments made on different diamonds, that several of them possessed the same property ; 
though he was not able to discover the cause, why some of them possessed it, while 
others were destitute of it. Beccari, a celebrated philosopher of Bologna, made at 
the same time similar experiments, which confirm the discovery of Dufay. This phi- 
losopher found that the class of phosphoric bodies is much more considerable than 
is commonly supposed, and it follows from his expeiiments, that the phosphoric bodies 
which have chiefly attracted the attention of philosophers, did so, not on account of 
that property maintaining itself for a longer time, but because a very great number of 
bodies appear luminous to an eye immersed in profound obscurity, when they are 
spe^iily removed front the light to a place of darkness. 

7th. The sea worms or borers possess this property in an eminent degree ; not 
when they approach to a state of putrefaction, as has been before said, but when liv- 
ing and fresh, so as to be fit for eating. The observations of Beccari, Monti, and 
Calcati of Bologna, on these marine fish, are very old ; and they confirm and illus- 
trate what has been said by Pliny on the same subject.* 

ARTICLE TI. 

Artificial kindi of Phoaphonts, 

What nature produces under certain circumstances, art, assisted by observation, has 
found means to imitate, in the artificial kinds of phosphorus. But before we explain 
these curious operations, we must make a distinction which the modem chemists have 
introduced, and which is necessary. 

The appellation Phosphorus is still given to those bodies which emit light without 
any sensible heat ; but when a body emits light, and at the same time inflames of 
itself, when exposed to the air it is caU'ed pyrophorus. Hence we say the pyropborus 
of Homberg, to denote that composition of alum and animal or vegetable matter 
which takes fire when exposed to ^e air. The English phosphorus U both pbospho* 
rui and pyrophorus ; for when exposed to the air in a mass, it bums, and consumes 

* See a Memoir of M. Reaumur on the MODOe ful^ect, ** Mem. de VAcad.*' 179S. 
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like lutphur, of which it is a singular species, but very much attenuated ; and when 
mixed with a liquor it becomes lumbous, without heat. 

SECTION «i. 

Phosphoric experiment : or how to bum gunpowder without an explosion. 

Expose a towel or cloth to a strong heat, till it becomes very hot, and carry it into 
a dark place. While it is cooling, throw upon it, from time to time, some grains of 
gunpowder, which at first will inflame. Leave it to cool a little, till the powdef no 
longer detonates. If you then cover it with powder, the latter, when it acquires the 
same heat as the cloth, will emit in the dark a faint light or weak flame, which will 
consume all the sulphur, without causing the nitre to detonate. 

It is hence seen, that common sulphur is susceptible of two combustions, one 
gentle and calm, which is not capable even of kindling the charcoal, otherwise the 
nitre would detonate ; and the other violent, which burns and kindles such combus* 
tible bodies as are in contact with it. 

SECTION ti. 

Of the Bologna Stone* 

This kind of phosphorus is called the Bologna stone, because first made from a 
stone found only at the bottom of mount Patemo, near that city. A shoemaker, 
named Vincenzo Casciarolo, was the first who observed the property which these 
stones have, of shining in the dark, after they have been calcined. He was employ- 
ed on the grand work, as it was called ; and from the brilliant appearance of these 
stones, he conceived an idea that they contained either metals, or some principle by 
which be should obtain what he was in quest of. He therefore brought them to a 
red heat in a crucible, and having afterwards carried them into a dark place, he was 
struck by their luminous appearance, and published an account of bis discovery. 
This phosphorus is made by the modern chemists in the following manner. 

They take one of these stones, and having freed it from all its heterogeneous parts, 
file it all round with a larg^ file, in order to obtain a certain quantity of dust. They 
then dip the stone in the white of an egg, and roll it in the dust, until it be entirely 
covered with it to a certain depth. When the stone is dry, it it placed in a fuipace 
filled with charcoal, in such a manner as to be completely surrounded by it. The 
charcoal is then kindled, and when the whole is consumed, the stone is found cal- 
cbed according to the required degree. If it be carried into a dark place, it will be 
seen to shine with a singular brilliancy, which however becomes gradually weaker, 
and after some minutes entirely ceases. But this brightness may be renewed by 
exposing the stone for some time to the day-light. These stones are preserved in a 
dry place wrapped up in dry cotton. They however gradually lose their property of 
imbibing the light ; but it may be restored to them by a second calcination. 

The Bologna stone, according to the observations made by naturalists, is one of 
those known under the name of fusible spar. Vitriolic acid enters into their compo- 
sition, and this inspired Margraf, a celebrated chemist, with the idea of trying whether 
all the other spars were not endowed with the same property. He found that when 
treated in a proper manner they all become luminous. The process for calcining 
and preparing them, according to his method, is as follows. 

When properly freed from their heterogeneous parts, they are brought to a red 
heat in a crucible, and then reduced to very fine powder in a glass or porphyry 
mortar. This powder is formed into small cakes, a line or more in thickness, and 
of any size at pleasure, by mixing it with gum tragacanth and the white of an egg ; 
and these cakes are then calcined in the following manner, after they have been 
dried in a itroog heat. 
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A common reverberating furnace it filled to three fourths of its height with diar«> 
coal i the caket are laid flat above it, and are covered with more charcoal. The 
furnace it then kindled, and when the whole charcoal it consumed, and the furnace has 
cooled, the cakes are found calcined. After being cleaned from the ashes, by means 
of a pair of bellows, they are preserved for use, as before described. 'V^en an 
experiment is to be made, they are exposed for some time to the light, after which 
they are carried into a dark place, where thej^ exhibit the appearance of burning coals 
to those who have kept their eyes shut for a few minutes. 

The most probable cause of this phenomenon, according to the ablest chemists, is 
as follows : 

When it is considered that phosphorus of the same kind is made only by burning 
with charcoal stones which contain vitriolic acid,* there is reason to think that in this 
operation there is formed a kind of sulphur, exceedingly cofhbustible, and in which the 
action of the light alone is capable of producing that slow combustion, almost with- 
out beat, of which common sulphur, as already seen, is itself susceptible. This 
combustion manifests itself only by the faint light it emits. It ceases with the 
absence of the cause which produced it; and the stone no longer is luminous. « 

Among several reasons which confirm this explanation, there is one which seems 
to be of great weight: after the stone has ceased to shine, if placed in a dark 
place on a plate of iron, which has been heated, but not to such a degree as to emit 
light, it immediately becomes luminous, without having been exposed to the action of 
the sun's light. To this reason we may also add, the odour exhaled by the Bologna 
stone ; for it is exactly the same as that of sulphur. But in regard to this subject 
we must refer the reader to Macquer’s •* Dictionnaire de Chimie,” under the head 
Stony Phosphorus, where explanations will be found, which, on account of their 
length, cannot be admitted into this work. 

8FCTION in. 

Baldwin's Phosphorus, 

This phosphorus, as well as the following, has a great affinity to the Bologna stone. 
The method of making it is as follows: 

Dissolve very pure white chalk in good spirit of 141^6; filter the solution, and 
evaporate the liquor till the residuum is very dry. Then ||it the residuum into a 
good crucible of a proper size, and place it fox an hour in a reverberating furnace. 
If the matter calcined in this manner be put into a bottle, with a glass stopper, you 
will have Baldwiirs phosphorus. 

This phosphorus has the property of shining in the dark, like the Bologna stone, 
if the bottle containing it be exposed open to the light. But as it has the fault of 
attracting moisture, it soon loses this property. 

SECTION IV. 

Homherg^s Phosphorus. 

Take one part of sal ammoniac in powder, and two parts of quick-lime slaked in 
the open air i mix them well together ; and having filled a crucible with the mix- 
ture, place it over a slow fire. As soon as the crucible is red, the mixture will 
begin to fuse ; but as it rises up and swells in the crucible, it must be stirred with 
an iron rod, to prevent it from running over. When the matter fused, pour it into 
a copper bason, and when cool it will appear of a grey colour, and as if vitrified. If 
it be struck with any thing hard, such as a piece of iron, copper, or other substance 
of the like kind, the whole part which has been struck will for a moment seem oti 

* Margraf at least asserts so, though Dufisy saju be xnade Bologna phosphorus with stones pujrely 
calcareous. 
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Are. But m tliis oiatter it very brittle, tbe experiment cennot be often repeated. To 
remedy tbit defect, H. Homberg immersed in the crucible, containing tbe fused mat- 
ter, small rods of iron or copper, which by these means became covered with it as 
with enamel* The experiment may be performed on rods incrusted in this manner, 
as they will bear to be struck several times, without the matter being deranged. 

It iato be observed that the phosphoric enamel, which adheres to these rods, 
readily attracts the moisture of the air : for this reason they must be deposited in 
a dry warm place, where they wUI retain their property for a long time. 

BXCTION V. 

Cantons Phosphorus, or Phosphorus in Powder, 

Another kind of phosphorus, analogous to that of Baldwin, and to the Bologna 
stone, may be made in tho following manner : 

Calcine oyster shells, by keeping them in a common fire for half an hour, and then 
pulverize them ; mix the finest part of this powder with one third of its weight of fine 
flour of sulphur, and put the mixture in a crucible, filling it to the brim, and keep 
^it for half an hour at least in tbe midst of burning coals, till it is perfectly red. Then 
puffer it to cool, and having once more pulverized tbe matter it contains, if neces- 
sary, you will obtain a phosphorus, which, if exposed for a few minutes to the day- 
light, will appear luminous in the dark. 

Those who have comprehended the nature of the Bologna phosphorus, will readily 
see that Canton's phosporus is properly the same thing ; for the Bologna stone and 
all the fusible spars, which have been found to possess a phosphoric property, are 
nothing but combinations of vitriolic acid with calcareous earths. 

SECTION VI. 

Homberg*8 Pyrophorus, 

The following chemical discovery was entirely owing to chance. The celebrated 
Homberg had been assured that a white oil, in no manner fetid, which bad the pro- 
perty of fixing mercury, could be extracted from human excrement. He therefore 
subjected this matter to experiment; and extracted from it a white oil without any 
odour. It did not fix merqw'y ; but having exposed tbe residuum of his distillation 
to the ur, be was surji^isea to see it take fire. Such is the origin of his pyro- 
phorus. 

It has however been since found, that it is not necessary to employ matters so 
filthy as those from which Homberg first extracted this pyrophorus. The common 
process for this purpose is simple, and is as follows : 

Mix in an iron pan, placed over the fire, by means of an iron spatula, three parts 
of alum and one of sugar, until the matter becomes perfectly dry, and reduced to a 
blackish carbonaceous substance : if there be any lumps in it of considerable size 
they must be broken. Put this matter into a matrass with a narrow neck, about 
eight inches in length, and place the matrass in a crucible, capable of containing 
the belly of it when surrounded by half an inch of sand. Then immerse the 
crucible in burning coals, and bring both it and the matrass to a state of ignition, 
heating it at first gradually, and then strongly urging the fire, till a sulphurous flame 
is seen to issue from the neck of tbe matrass. The fire must be maintained in this 
state for about a <(uarter of an hour ; then suflfer tbe fire to become gradually ex- 
tinct, and when the neck of the matrass is no longer red, close it with a cork 
stopper, otherwise the pyrophorus would inflame. 

When the whole is perfectly cold, pour the pyrophorus speedily into several phials, 
which can be well shut, and instantly close them. Sometimes it inflames in passing 
from tbe matrass to the bottle ; but this is of no consequence, as it is extinguished 
as soon as the bottle is closed. 
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To make an experiment with pyroph^us, put a small quantity of it upon a piece 
of paper. Soon after, it inflames, becomes red like a burning coal, and sets Are 
to any combustible bodies it may be in contact with. The inflammation may be 
accelerated by putting it on paper somewhat moist, and breathing upon it. 

SECTION vn. 

Of tht Pho$phoru8f or Pyrophorut of Kunckel, caiUd also the English Phosphorus, 

This is the most curious composition of modern chemistry. Who would have 
believed that a luminous body" could be extracted from putrid urine? Nay more, 
a body susceptible of inflammation, and capable of inflaming, by its contact, other 
combustible bodies ? Such, however, is the origin of this phosphorus, which in some 
measure may be considered as abject ; but to the philosopher nothing is abject in 
nature ; and the most disgusting object sometimes contains principles capalft of pro* 
ducing the most singular and uncommon effects. 

The discovery of the phosphorus of urine, like many others, was the effect 
of chance. A citize^f Hamburgh, an enthusiast in regard to the philosopher's 
stone, was making some experiments with urine. He was not the first nor the only 
person who imagined that the substance proper for fixing mercury ought to be found 
in human excrement; and by repeated trials on this matter he found phosphorus. 
This discovery made a great noise in the chemical world. But Brandt, the author 
of it, was not disposed to part with bis secret for nothing. Kunckel, an able che- 
mist, united with one Krafft to endeavour to draw from him the process ; but Krafft 
deceived Kunckel, purchased from Brandt the secret of making this phosphorus, and 
being desirous to carry on a lucrative traffic, refused to impart it to his associate. 
The latter, incensed on account of this treachery of Krafft, and knowing that he had 
made great use of human urine, endeavoured by researches to discover the secret, and 
at length found it. The honour of it therefore has remained with him ; for this 
phosphorus is commonly called KuhekeVs Phosphorus.* 

On the other hand, Krafft went to England, and having shewn this phosphorus 
to the king and queen, the celebrated Boyle, whose curiosity was highly excited by so 
singular a phenomenon, endeavoured also to discover the secret. He knew only, like 
Kunckel, that Krafft laboured on urine. He began therefore to make experiments 
on that matter, and found out likewise the method of extracting phosphorus from it. 
He communicated the process to the public, in the Philosophical Transactions for 
1680, and according to every appearance taught the different operations more par- 
ticularly to a German chemist, settled at London, named Godfreyd Hanckwitz ; for 
he was a long time the only person who made phosphorus. 

Though Boyle published the process for making this phosphorus in 1660 ; though 
Hoinberg taught it in 1692 ; and though described in various books, phosphorus was 
made only in England, and by Hanckwitz alone. A foreigner, who came to France 
in 1737* offered however to disclose the whole process, and the ministry promised 
him a reward for it. Several chemists and members of the Royal Academy of Sci- 
ences were requested to be present at the operation, which was performed at the 
Jardin Royal des Plantes, and attended with perfect success. M. Hellot wrote an 
account of the process, and published it in 1738, in the Memoirs of the Royal 
Academy of Sciences. Since that time only the method of making phosphorus has 
been known ; but it is one of the nicest operations of chemistry, and does not suc- 
ceed but in very expert hands. 

But none of the modern chemists has paid so much attention to the composition 
of phosphorus as Margraf, who has rendered the process more certain, more exact 

* Iieibnits asserts that this account, generally ftiven in regard to Brandt, is entirely Void of foua. 
datioo. Ho gives a history of phosphorus, which may be aeon in his wtnks, rol. ii. 
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and less tedious $ for which reason we shalf take him as our gulden in what we are 
going to say on this subject. 

Ist. Provide good urine, and let it purify itself ; then put it into a glass vessel 
placed over the fire, and evaporate the phlegm, till it be reduced to the consistence 
of honey or of cream. 

It must here be observed, that this matter contains a particular salt, called /tfssf&/e 
salt of urine ; that this salt is composed of an acid different from all the rest, called 
the phosphoric, because it is a necessary ingredient in phosphorus, by its combination 
with another principle, and because this acid is extracted by the deflagration of phos- 
phorus, as the vitriolic acid is by that of common sulphur. 

2d. Then mix four pounds of minium with two pounds of sal ammoniac in powder, 
and distil the mixture, which will furnish a volatile alkali highly concentrated. This 
alkali h(mever is useless. But marine acid will attack the minium or calx of lead, 
and will form with it a compound, known to chemists under the name of corneous 
lead. Corneous lead, ready made, may be employed; but we have thought 
proper to describe the method of making it, because all o|| readers may not be 
chemists. 

3d. Mix this corneous lead, by little and little in an iron pan, with eight or nine 
pounds of the extract of urine, mentioned in the first article, takingcare to stir it con- 
tinually ; add to it half a pound of charcoal dust, and continue to dry it till it be re- 
duced to a black powder. Then throw the matter into a retort to distil it in a 
moderate heat, and extract from it all the products ; which are volatile alkali, a fetid 
oil, and a kind of sal ammoniac, which adheres to the neck of the vessel. Then bring 
the retort to a moderate red heat, and when nothing more pusses over, unlute the 
apparatus, and reserve the residuum, which is a kind of caput mortuum. This resi- 
duum contains the phosphorus, and must be distilled in a much more violent heat. 
It is a sign that it is well prepared ; as a small bit of it, when thrown on the coals, ex- 
hales an odour of garlic, and burns with a small lambent flame. 

4tb. Put the residuum into a good Hessian retort. M. Margraf recommends those 
ofWaldenbourg as the best ; but none of them are brought to France. Those of 
Hesse will answer the purpose, though they suffer the phosphoric matter to transpire 
a little ; hut this defect may he in part remedied, by a luting of earth mixed with 
cow*8 hair. 

5th. Having filled three fourths of the retort with the above matter, place it in a 
furnace, having over it a chimney or tube, five or six inches in diameter, and eight or 
nine feet in height. The chimney serves to increase the activity of the fire, by the 
rapidity of the current of air, and for introducing through the door of it, at 
different times, the quantity of charcoal necessary to carry on the operation about six 
hours. 

6th. Lute the neck of the retort with that of a middle sized balloon, half filled 
with water, and having in it a small bole, by means of fat luting ; and secure the 
joint by a bandage of linen, covered with a luting of lime and the white of an egg. 
The hole in the balloon affords a passage to the vapours, which otherwise would 
occasion it to burst It may be slightly closed with a pellet of paper, which must 
be occasionally uken out during the distillation. Care must be taken also to close 
with a luting of clay the notch of the furnace, through which the neck of the retort 
passes ; and to raise between the furnace and the balloon a brick wail, to prevent the 
heat from being communicated to the former. 

7th. These arrangements having been made twenty. four hours before, set fire to 
the furnace, and expose the retort to a gradual heat for an hour and a half ; after 
which the Are must be excited, to bring it to a white heat. This operation will 
cause to pass into tbeballoon, first luminous vapours, and then drops of pure phos- 
phorus, which failing into the water in the balloon will become fixed. This operation 
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Mi* Ab ^ ^topbonii obtain^ by tbit vldlaii i$btillfttian U black, on aceouot of 
the fbligikHMia vapour it carries along vrith it. you ttuist distil it a second rime in a 
smaller ratort. and in a moderate beat. This heiri win be su^rient to render it pure, 
fbr when once Ibrmed H is exceedingly volatile. 

0tb* The phosphorus must then be ibnned into small stidm* by putting It into glass 
tubes scmiewhat conical, and immersed in tepid water ; for ip such a heat it runs like 
tallow. These op^Hons must he performed in water, to prevent tndammation of 
the phosphorus, and when the water is cold the phosphorus will he fixed in 
sticks, wUch must he taken out and put into phials filled with water, and care- 
fully shutr 

It has not yet been discovered to what useful purpose the English phosphorus can 
be applied, except that its nature and composition have thrown %ht on certain points 
of chemistry. But it may be readily conceived, that it may be employed for perform- 
ing various philosophical tricks, exceedingly curious, such as the following. 

To wrUo in ckaraetert which witt appear luminoue m the dark* 

For this purpose, it will be first necessary to make liquid phosphorus. Place a 
grain of phosphorus at the bottom of a small bottle, and having bruised it, pour imme- 
diately over it about half an ounce of very clear oil of cloves. If the whole be then 
put to digest in a gentle heat, such as that of a dunghill, tiie phosphorus will be 
almost entirely dissolved. When the bottle is taken out, the mi^er it containi will 
shine in the dark, on the bottle being unstopped or agitated a little. 

If you dip a small brush in this oil, and describe it with any characters, on a wall, 
they will appear luminous in the '^ark. 

You may also, if you choose, tender your fiice and hands luminous. Nothing will 
be necessary but to rub over them a little of this oil, which has no sensible heat, 
because the phosphoric fire is very much rarified. 

This phosphorus amalgamates very well with mercury, and forms a luminous com- 
pound. Put ten grains of phosphorus into a pretty large long phial, with two ounces 
of oil of lavender. The phospWus^ will dissolve in it, provided it be exposed to a 
gentle beat. If you then add hfdf a dram of quicksilver, you will obtain an amalgam, 
which will be entirely luminons in the dark. 

For the same purpose, phosphorus may be mixed with pomatum ; it will become 
luminous, and may be rubbed over the fisce and hands without any danger. 

sBcnoN Tin. 

Compoeition if a hind f a pyrophorus, which emite flamet when brought into contact 
with a drop if water. 

For this composition we are indebted to the celebrated diemist Glauber. MU 
together iron filings, cadmia, tartar, and nitre ; then form them into a paste, and dry 
it well in a strong heat, such as that of a potter^s furnace. If a few drops of wat^ 
be thrown over this mass, it will emit flames and sparks. Such is the description 
given of this process by Beccber. The following is another, extracted from the 
Katural Magic of Martius. Pulverize quick-lime, tutty, and storax calamlte, eflck 
an ounce ; live sulphur and camphor, each two ounces ; and having mixed them well 
togetlnw and sifted them, wrap them up in a piece of very thick linen doth. Put 
this cloth into a crucible, cover it with another crucible, which rnhst be tied closely 
to the former, and late the jolaing with potter's earth. When the luting is perfectly 
dry, put this double crucible into a potter*i furnace, and leave it there till the matter 
is entirely ealdned. This may be known by the colour of the crucibles, which might 
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to be of a pale red ; when the whole is cool, if you throw a drop of water or apirit on 
this matter, it wiU emit sparks. 

It was no doubt by means of a similar composition, that a German Jew drew 
sparks from the bead of bis cane, by spitting on it. This invention indeed is very 
proper for being employed by jugglers, to excite the wonder of the populace, and 
ext^ money from them. The Jew, here alluded to, it seems, turned to great 
advantage thu dtemical secret. 

lUmark * — There are some other pretended kinds of phosphorus ; but properly 
speaking they are not so : they are merely electric phenomena. 

Of this kind is the light seen in the inside of certain barometers, called for this rea- 
son luminous. In the old editions of the Mathematical Eecreation8,it was called Dutal’s 
Phosphorus, because that physician, but after Bernoulli, was able to make luminous 
barometers ; it is however now known that this does not arise from phosphorus, but 
is merdy an electric light. M. LudolfF, a German philosopher, has clearly proved 
that this phenomenon is the effect of electricity, produced in the tube of the baro- 
meter, by the friction of the mercury. 

The case is nearly the same with mercury, which becomes luminous when inclosed 
in a very clear glass vessel, exhausted of air. We have already described this phe- 
nomenon : it is also electric. 

The light emitted by a diamond, rubbed in the dark, or a bit of sugar when grated, 
is of the same kind. 


SUPPLEMENT I. 

PERPETUAL LAMPS. 

The subject of perpetual lamps has too intimate a connection with that of phos- 
phorusto be here omitted j for if we were urged to explain the accounts, given of fire 
found in the tombs of the ancients, and from which some pretend to conclude they 
were acquainted with the art of maintaining a lamp lighted for ages, it would be 
necessary to have recourse to phosphorus. But these facts rest on so slight a foun- 
dation, some of them even bear such evident marks of fiction, and the greater part of 
those which the honest Fortunio Liceti, a strong partisan of perpetual lamps, has 
collected as proof of this discovery, are so evident proofs of the contrary, that a 
moderate degree of acuteness is sufficient to shew that nothing is less entitled to cre« 
dit. If to this be added the physical reasons which contradict the possibility of an 
inflammable liquor, burning continually without being consumed, the perpetual lamps 
must be considered as a chimera, unworthy the attention of a philosopher, and fit 
only to be banished to the country of potable gold and palingenesy. If we introduce 
them therefore into this work, it is merely on account of the celebrity of the subject, 
and because we know that some persons are fond of these singular and extraordinary 
tales. 


ARTICLE I, 

JSsammaHon of the faete alleged at a proof of the exietenee of perpetual lampe* 
Before the improved state of philosophy bad shewn the impossibility of real un- 
extinguishable fire, the learned were much divided in their opinions on this subject ; 
but of all the champions in favour of perpetual lamps, none has made greater efforts 
to obtain credit to their existence than Fortunio Liceti, in his book entitled <*De 
Recouditis Antiquorum Lucernit.** 
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If credit may be given to this author, nothing was more common among the andents 
than perpetual lamps. The lamp of Demosthenes, that which burnt in the temple of 
Minerva at Athens, the Vestal fire at Home, all furnish him with so many proofs of 
the possibility of unextinguishable fire. We cannot help smiling to see so much 
learning so idly employed ; for who does not know that these fires were called per- 
petual, merely because it was a point of religion to preserve them from being extin- 
guished, and to supply them with continual aliment ? 

The other partisans of perpetual lamps, while they smile at the simplicity of Liceti» 
support their reasoning on facts, which seem to carry with them a little more weight ; 
they are as follow. 


1. The Lamp of Tulliok, 

The tomb of Tulliola, the beloved daughter of Cicero, and whose death cost him 
BO many tears, was discovered, it is said, under the pontificate of Pius III. It is pre- 
tended that in this tomb there was a lamp actually burning, but which became extin- 
guished on the admission of dr. 

2. The Lamp of Olybiua. 

But it is the lamp of Olybius, which, above all others, supplies the partisans of 
perpetual lamps with one of their strongest arguments. 

In the year 1500, as we are told, some peasants, digging the earth to a considerable 
depth at A testa, in the neighbourhood of Padua, Cesme to a tomb, in which they 
found two earthen urns, one within the other. The inner, it is said, contained a 
burning lamp, placed between two phials, one filled nith liquid gold, and the other 
with liquid silver. On the large urn was the following inscription ; 

Flutoui sacrum munoa ne attiugito, fares ; 

Ignotum est irobis hoc quod in ott)c latet ; 

Namque elementa gravi clausit digesta labore, 

Vase sub hoc modico, maximuB Ulybius. 

Adsit fecundo custoB sibi copia cornu. 

Ne tanti pretium depereat laticis. 

The second is said to have been inscribed also with these lines : 

Abite bine, pessimi fures ; 

Vos quid Tultis vestrls cum oculis pmusitiis? 

Abite bine vestro cum Mcrcurio 
Petasato caduccatoque. 

Maximus maximum donum Plutoni hoc sacrum fecit. 

Such is the manner in which this curious discovery is related by Gesner. But 
what follows is still stronger. Liceti gives a letter of one Alaturantius, who tells 
his friend Alphenus, that ho hud got possession of this valuable treasure. **Both 
tbq vases,” says he, “ with the inscriptions, the lamp, and the phials, have fallen into 
my hands, and are now in iny possession. If you saw them you would be astonished, 
I would not part with them for a thousand crowns of gold.” This is no doubt the 
language of a man who believes he possesses an inestimable rarity. We do not 
however know that it exists in any collection. 

It appears that in this case, as in regard to the tomb of Tulliola, an accident prevented 
enlightened people from being witnesses to the phenomenon ; for we read in the 
credulous Porta, that as the peasants who found this treasure handled it too roughly 
the lamp broke in their hands, and was extinguished, 

3. Tlie Lamp of Pallas, the son of Evander* 

We are told also that, about the year 800 of the Christian sera, the tomb of the 
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femotts Pallai tbe son of Evander, killed as is well known by Turnus, was fcHind at 
Rome. It was known to be that of Pallas by these verses : 

Filins Evandri Pallaii quam lanoea Tnmi 
BliiiUs ooddit. mc»% sno jaoet bk. 

It contained a burning* lamp, which consequently must have burnt nearly 2000 
years, since it was shut up in the year 1170 before the Christian era. 

4. The Lamp in the temple of Venue, 

This lamp, and the temple of Venus, in which it was suspended, are mentioned 
by St. Augustine. He says it burnt perpetually, and that the flame adhered so 
strongly to the combustible matter, that neither wind, rain, nor tempests could ex- 
tinguish it, though continually exposed to the air, and to the inclemency of the sea- 
sons. This author endeavours to explain the mechanism of it, and after oflfering a 
conjecture, which in part is pretty correct, namely, that a wick of asbestos was per- 
haps employed, he concludes by saying that it might have been the work of demons, 
in order to blind the pagans more and more, and to attach them to the infamous 
deity worshipped in this temple. 

Here then, according to the partizaiis of perpetual lamps, we have unextinguish- 
able fire, the existence of which is fully confirmed by the testimony of the most 
enlightened man of his age; and who, notwithstanding his knowledge, is obliged to 
have recourse to the artifice of demons to explain this phenomenon. 

5, Lamps of Cassiodorus. 

Tbe celebrated Cassiodorus, who, it is well known, was as much respected on 
account of his employments as of his talents, tells us himself that he made perpetual 
lamps for his monastery at Viviers. Each monk, it is probable, had one of them for 
his own use. His words are, ** Paravimus etiam nocturnis vigiliis mecanieas lucer- 
nas conservatrices illuminuiitium flammarum, ipsas sibi nutrientes incendium, que 
humano ministerio ccssante prolixe custodiant uberrimi luminis abundantissiinam cla- 
ritatem, ubi olei pinguedo non deficit, quamvis jugitcr flammis ardentibus torreatur.** 
Some partizans of perpetual lamps may here say : ** Is it possible to refuse credit to 
testimony so authentic, so dear, and so respectable?'* 

Such are tbe principal facts adduced in favour of perpetual lamps : but we may 
venture to say that they will not stand the test of critical examination. In regard 
to the first three, what dependance can be placed on facts related in so vague a 
'manner, and accompanied with such incoherent and romantic circumstances ? None 
of these facts are supported by any other testimony than that of men who lived a 
long time after ; no person whose testimony is of any weight asserts that he actually 
saw them. But in disputes which are contrary to the common laws of nature, they 
must at least be certified by enlightened men, above all suspicion of credulity or 
ignorance. 

The tale respecting the tomb of Tulliola is as old as the year 1345, a period 
when all Europe was sunk in the grossest ignorance. A body is said to have been 
found in it ; and in that case it could not be tbe body of Tulliola ; for the Romans, 
fn the time of Cicero, always burnt their dead. In consequence of this and similar 
circumstances, some authors have conjectured that the tomb alluded to was that of 
the wife of Stilico ; but tbe Christians never placed lamps in their tombs. The 
account therefore of a lamp found in this tomb has every appearance of a fic- 
tion. 

But what shall we say of the tomb of Olybius, and tbe lamp witb two phials, 
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one filled witli fluid gold, and the other with fluid silver ? This double urn was 
found by peasants, who according to some authors handled the lamp, contained in 
the second urn, so clumsily as to break itl and yet Maturantius pretends that he bad 
it in his possession. Who saw the lamp burning ? what evidence have we that the 
peasants beheld it in that state? and whose testimony in this case would be admis- 
sible ? Some vapour, exhaled from a place shut up for so many ages, might easily 
impose on rude and ignorant people. 

VVbat is the meaning of the inscription ? where is there any allusion in it to perpe- 
(ual fire? Is it necessary that a gift sacred to Pluto should be a burning lamp? 
If there be any truth in the discovery of this tomb, it ought only to be concluded that 
it belonged to some alchemist, of an age not very remote ; for it is well known that 
the Romans had no idea of chemistry, and none of them ever attempted the transmu- 
tation of metals. If this folly had then been in existence, some traces of it would 
certainly be found in their writings ; but on this subject they all observe the most 
profound silence. This chimera was communicated to us by the Arabs, with some 
real knowledge in regard to chemistry. 

But if the Romans were unacquainted with chemistry, how could they construct 
perpetual lamps, which would be one of the greatest productions of that science ? 

The stoiy of the tomb of Pallas, the son of Evander, is scarcely worth refutation. 
Who can bp so weak as to believe that the verses, already quoted, were written in 
the time of iEneas. One needs only to have seen the language of the twelve tables, to 
be able to judge how little resemblance the ancient language of the Romans, and con- 
sequently that of the period of the kings of Alba, bore to these Ijatin verses. 

In regard to the lamp of Venus, which occasioned so much difficulty to St. Augus- 
tine, we shall observe that this author does not say that it was never supplied with 
new aliment. What seems to be most singular is, that it could not be extinguished, 
either by wind or by rain ; but in this there is nothing wonderful, since our oilmen 
sell flambeaux which have the same property. A method of making similar fire may 
be found in various books of chemistry. Besides, even admitting that this lamp was 
perpetual and inextinguishable, who is so ignorant as not to know that the Pagan 
priests were the greatest impostors, and that they might employ many artifices to 
supply the famp with new aliment? 

The lamps of Cassiodorus may be explained with equal ease ; they were lamps 
which, like those of Card%p, supplied themselves with oil by means of a reservoir ; 
and Cassiodorus only meant to say, that these lamps lasted a long time, in comparison 
of the common lamps of that period, which stood frequently in need of having oil 
poured into them. 

These reflections did not escape several ingenious writers, such as Aresi, a bishop, 
and author of “ Symbola seu Emblemata sacra Buonamioi, a philosopher contem- 
porary with Liceti; and particularly Octavio Fciraii, to whom wc are indebted for a 
curious and learned work ** De Veteruin Lucernis sepulchralibus.” All these 
authors, and especially the last, overturn the arguments of Liceti, and fully shew that 
the facts he has adduced, in favour of perpetual lamps, rest on a weak foundation, and 
that they abound with absurdities and contradictions. They even ridicule the weak- 
ness of this learned man, who, by an excess of credulity almost beyond belief, finds, 
in the lamp of the tomb of the necromancer Merlin, described by the poet Ariosto, a 
proof of perpetual lamps. 

We shall conclude this article with the following very just reflections of Octavio 
Ferrari, before mentioned, which naturally suggest themselves to the mind. If the 
secret of constructing perpetual and inextinguishable fire had been known to the 
ancients, would an art so useful have remained buried in oblivion ? but, even admit- 
ting that it might be lost, for want of philosophical and chemical knowledge, is it 
possible that Pliny who enumerates the common inventions, as well as those most 



CHEMISTRY. 


celebrated, shoald say nothing of this perpetual fire~-a thing so wonderful? When 
Plutarch makes mention of the lamp of Jupiter Ammon, because it burnt a whole 
year, is it to be supposed that he would observe silence respecting lamps, in compa« 
risen of which the former was a contemptible trifle ? , 

We roust therefore say, that both history and sound criticism oppose every idea of 
sudb an invention having ever existed. We shall now examine how far it is consistent 
with the principles of philosophy. 


ARTICLE 11. 

On the Physical Possibility of making a Perpetual Lmp* 

Having proved the weakness of all the facts brought as proofs in favour of per- 
petual lamps, it remains that we should examine how far they are possible, according 
to the principles of sound philosophy. 

To obtain a perpetual lamp, it would be necessary to have as follows : 

1st. A wick which could not be consumed. 

2d. Some aliment which could not be consumed, or a substance which, after having 
served as aliment to the dre, should return into the vessel, without losing its inflam- 
mable quality. 

3d. It would be necessary also that the flame should be able to exist a long .time in 
a place absolutely close, and of small dimensions; for such were the tomb# in which 
these perpetual lamps are said to have been found. 

But all these things arc impossible, as will be seen by what follows. 

Sr.CTlON I. 

hnpossthility of procuring a perpetual Wick.-^Histoi y of the Amianthus f manner of 

spinning it, and forming it into a wick; examination of its supposed incom^ 

hustibility* 

The curious properties ascribed to the amianthus, which are in part real, are well 
known. We shall here give the history of it ; but we shall not be so prolix us the 
inexhaustible Abbe Vallemont. The amianthus, called also incombustible flax, and 
asbestos, is a mineral substance found in several parts of the earth. It consists of 
fibres of a white colour, more or less greyish, which adhere strongly to each other. 
Means however are found to separate them, and when well washed they have the 
appearance of the whitest flax. The amianthus is found ia the Pyrenees, the Alps, 
&c. The most beautiful, in our opinion, is that found in or near the mine of Pesey in 
Savoy. We have seen some, the filaments of which were above a foot in length, and 
exceedingly white. 

But the singular propei ty which characterizes this substance is, that it remains 
unhurt In the fire, and when taken out is purer and whiter than it was before. This 
property therefore has been made the basis of a thousand moral and pious compari- 
sons, which we shall not here repeat. 

It is proper to observe, that the druggists, a sort of men who throw all natural 
history into confusion by their corrupted nomenclature, are acquainted with asbestos 
under no other name than that of feathered alum. But this denomination arises 
from profound ignorance. Alum is a salt, and is soluble in water, whereas the ami- 
anthus is insoluble in that liquid. The amianthus therefore is not alum. What has 
given occasion to this false denomination is, that there is indeed a feathered alum, or 
alum crystallized in fibres, which has some resemblance to the amianthus ; but this 
alum is exceedingly rare, and the druggists, when it is called for, substitute the ami- 
anthus in its stead. 

However, it appears that the property of the amianthus has been long known ; for 
we are told by Pliny, in his Natural History, B, xix. chap. I, that when certain 
Indian princes died, their bodies were wrapped up in a winding sheet made of live 
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flsx, and that they were thus buriiti in order that' their ashes might not be mixed 
wHh those of the funeral pile. It Is certain that this is not impossible, and we 
cannot doubt the testimony of Pliny, who says in another place, that he saw cloth 
and nets, which when dirty required only to be thrown into the fire, and that when 
taken out they were clean, and not in the least injured. Plutarch asserts the same 
thing. But Pliny is evidently mistaken, when he says that this live flax was pro- 
duced from a plant, found only in the hottest districts of India, torrifled by the rays 
of the sun, as if it were fond of growing in the midst of flames. He knew the 
production, but was deceived in regard to its origin. This custom however seems to 
have become extinct in India : we know no traveller who speaks of bodies being 
now burnt in that manner. 

It is needless to quote more authorities to prove toe possibility of making incom- 
bustible cloth of this kind. We have seen purses, brought from the Pyrenees, which 
possessed this property. They were indeed exceedingly coarse, but it is certain that 
they might be made much finer. 

It however requires great industry to be able to spin the amianthus, and to form it 
into cloth* The following is the method, as given by Ciampini, in his treatise De 
Incorobustihili Lino, deque illius filandi modo;*' Romas, 1691. 

To spin this stone, says Ciampini, it must be first soaked in warm water ; when it 
has remained in the water some time, it is taken out, rubbed between the bands, 
opened and spread out, frequently dipping it in the water, in order to clean it from 
the earthy particles. This operation is repeated five or six times, until the filaments 
are well detached from each other, after which they arc collected. 

They must then be dried on some apparatus, through which the water can easily 
drain off. The next thing is to provide two small cards, finer than those used to 
card the wool employed for making hats and stuffs, and the incombustible flax must 
be placed between these two cards, that a few of the filaments may be drawn out at 
a time, in order to be spun with a small spindle. 

But it is to be observed, that as the filaments of this flax are in general very short, 
it is necessary to spin along with it some fine cotton or wool, which may embrace 
and unite them. 

Care however must be taken to use always a Uttle more amianthus than of the 
substance you have chosen to spin along with it. The reason of this is, that when 
the thread is made into cloth or into purses, the work is thrown into the fire ; the 
cotton or wool then burns, and being consumed, nothing remains but pure amianthus. 
It is almost in the same manner that gold and silver are spun with silk ; and that old 
gold and silver lace is burnt to obtain the pure metal. 

Ciampini says, that those who spin ibis substance must moisten their fingers, and 
particularly the thumb and the fore finger, to render the operation easier, and to 
prevent the fingers from being excoriated, because the amianthus is corrosive. He 
says also that the use of cards may be dispensed with ; and that it is sufficient to 
put the filaments of the amianthus in regular order, in such a manner that they may 
easily separate to insinuate themselves into the cotton or wool added, in order that 
they may be spun together. When the cloth or purses are dirty, they are thrown 
into the fire, and on being taken out are whiter and more brilliant than they were 
before. He recommends moistening them with a little oil or essence, when they 
come from the fire; because oil nourishes the amianthus, and causes the thread to 
remain smoother. 

We shall here observe, that to form the amianthus into wicks, it is not necessary 
that it should be purified or spun. It will be sufficient to take tbe longest filaments,* 
and to tie them together with a white silk thread, in a quantity proportioned to the 
size of the wick. It is astonishing to see with what avidity tbe amianthus attracts 
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afid imbibes the oil. It may be employed as it is found in filaments, iti the druggists’ 
shops, and the lump will not fail to bum and to emit a strong light, * 

Ciampini however is mistaken when he ascribes to the amianthus a corrosive 
i}uality ; its stony and no ways saline nature will not admit of such a property 

Having given this short history of the amianthus, it remains that we should 
examine the consequences that may be hence deduced. 

If we can believe the partisans of perpetual lamps, since the first step towards the 
execution of such a work as a perpetual and incombustible wick, we have the object 
accomplished ; for the amianthus supplies us with such a wick, since it is incombus* 
tible, and since the trials made of it have been attended with success. Father Kir. 
cher assures us, that he had a lamp with a wick of this kind, which answered ex- 
ceedingly well. 

We will not deny that it is possible, by means of the amianthus, to make a wick, 
which will last for a very long time ; but we will assert that it would not be per. 
petual ; for though the amianthus is boasted of as being incombustible, this property 
is not absolute. We will even venture to say, that the amianthus is at length anni- 
hilated by fire; like every other body. It is true that cloth of the amianthus, when 
tbiown into the fire, is taken out sound and entire, but not absolutely so. It is ob. 
served that it loses a little of its weight every time it is exposed to the fire. It 
would therefore be at length destroyed, and perhaps in the course of a very short 
time, such as a few days, if it were only made red hot and suffered to cool, or if it 
were left all that time in a very strong fire. Consequently a wick of amianthus 
would, at the end of a certain period, he entirely destroyed. 

Some have tried to make wicks of bundles of gold threads, exceedingly fine. 
This perhaps would be the meaps of obtiuning a wick almost perpetual in its duration ; 
but it has never been possible to light them ; and even if this could be done, another 
inconvenience would prevent their being of any use : the gold filaments* would be fused 
by the flame, and consequently would be rendered unfit for answering the intended pur- 
pose ; as it is well known, that if a piece of silver wire be presented to the flame of » 
taper, it is instantly fused ; and the case would be the same with a gold wire, for it » 
more fusible than silver. 

SECTION II. 

JmpoBtibiUty of procuring indeitruetible aliment for the perpetual lamps, — Pretended 
recipes for making indestructible oil 

But we shall even suppose a wick absolutely unalterable to have been found, and 
that it does not become choaked up with fuliginous matter, from the combustible sub- 
stance by which it is fed. This however would be only a small part of what is 
necessary for obtaining a perpetual lamp. Some kind of aliment, which shall expe- 
rience no diminution, or which having served to maintain the flame without expe- 
riencing any alteration, may return by a perpetual circulation into the vessel 
from which it issued will also be requisite. Is all this possible ? 

But let us now hear the alchemists, ,or the partisans of perpetual lamps. We shall 
be entertained with their ideas respecting the manner in which an oil, such as these 
laidps would require, might be obtained. 

Some, considering that tbe amianthus resists fire, have tried, but without success, 
to extract an oil from it. 

Others, observing that gold and silver, but particularly tbe former of these metals, 
are indestructible by fire, conceived an idea of searching in them for that valuable 
oil which would put us in possession of perpetual lamps. This is the noble secret 
with which Liceti pretends that Olybius was acquainted i but tbe metals are as inca- 
pable of producing oil as the amianthus. 

It may boweter^be said, that if it were possible to reduce gold to a liquid state, 
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we might perhaps obtain an iticombustible oil, as gold is unalterable in the 6re. Bui 
bpsides the impossibility of converting gold into a liquid, how do we know that it 
would be inflammable like oil. 

The Abbot Trithemiusy or the person who in his name has written a great many 
falsehoods, pretends to give two recipes for making incombustible oil* We shall 
here lay one of them before our readers, with the whole process for making a perpe* 
tual lamp. 

Mix, says that celebrated visionary, or the person who speaks in* his name, 
four ounces of sulphur and four ounces of alum ; sublime them, and convert 
them into flowers. Take two ounces and a half of these flowers with half an" 
ounce of borax and Venetian crystal, and pulverise the whole in a glass mor- 
tar. Put the powder into a phial, and having poured into it spirit of wine, four 
times rectified, cause It to digest* Pour off the spirit of wane, and having 
added some new, repeat the same thing three or four times, until the sulphur runs 
without smoke, like wax, on hot plates of brass. You must then prepare a proper 
wick, which may be done in the following manner : Take filaments of the asbestos 
stone, of the length of the finger ; form them into a packet half as thick as the finger, 
and tie them with a white silk thread. The wick being thus made, cover it with 
the sulphur prepared as before described, and immerse it in the sulphur, in a vessel of 
Venetian glass. Place the whole upon a sand bath for twenty-four hours, so that 
you may always see the sulphur boil ; and the wick being by these means well pene- 
trated and impregnated with that aliment, put it into a small glass vessel with a 
wide mouth. The match must rise a little above it. Then fill this glass vessel 
with the prepared sulphur, and place the vessel in warm sand, that the sulphur may 
melt and surround the wick. If it be then kindled, it will burn with a perpetual 
flame. 

Such is the first kind of fire of the Abbot Trithemius. A very small knowledge 
of chemistry is sufficient to shew that it would be ridiculous to expect from this 
process inextinguishable and perpetual fire. None therefore of the partisans of per- 
petual lamps, not even Liceti himself have any confidence in it, nor yet in the second ; 
from which Liceti concludes that none of the modems possess, or ever possessed, this 
valuable secret. 

Some alchemists assert that an incombustible oil may be obtained by another pro- 
cess. They pretend that oil of vitriol edulcorated on gold, which they call oleum 
vitrioli aurijicatum, will give this valuable liquor. But it is well known that the appel- 
lation of oil is here improperly applied ; for what is called oil of vitriol has in reality 
nothing of an oily or inflammable nature ; and we shall believe in perpetual lamps 
when an alchemist shall shew us a common lamp, filled with oil of vitriol, and furnished 
with any wick whatever, in which the flame shall exist only one second. 

SBCTTON in. 

Impossibility of continually maintaining fire tn a place tiksolutely close. 

It is a fact, well known to all those who cultivate natural philosophy, that flame 
cannot be maintained in a close place. If a lighted taper be placed under a glass re- 
ceiver, so as to prevent its having communication with the external air, the flame 
will gradually decrease in size, become faint, extend itself in length, and at last be 
extinguished. Dr. Hales and others have even calculated what quantity of air is 
consumed in a certain time by the combustion of a taper of certain dimensions ; so that 
we may easily predict in what time the flame will infallibly be extinguished. 

A flame however might perhaps be maintained in a large place, though hermetically 
sealed ; but it is well known that the cavities of the ancient tombs were exceedingly 
small ; and to increase the difficulty it is said that the perpetual lai^ps burnt in the 
vessels in which they were inclosed. Such at least was thanpaa^^th that of Oly- 
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biui i bnt if tbe TetfcH of Olybim bad been three feet In diameteri wbicb bf no meatw 
appears. It is certain that a lamp could not hare existed in it two hours without 
being extinguished 

We shall not ^large further on this subject, as it would ba wasting^tiftae to aoeu- 
mtilate arguments to combat tbe chimera of perpetual lamps ; and we hare reason 
to think that every enlightened philosopher, at present, will be of the same opinion* 

IZeiadril.-- Ji^otwithstanding the' reasons which are certainly deduced from the 
principles of sound philosophy, we have seen, in some journal, that a Neapolitan 
prince was in possession of the secret of perpetual lamps* But as several years have 
elapsed since this circumstance was 8nnoun<^, and as tbe secret has not yet been 
div^gfed there is reason to think that the information was premature* It is no new 
thit^ to see chemists, employed in researches respecting tbe philosopher*! stone, 
announce their discovery before the operation is finisbed. Some even in consequence 
of the good colour of their matter, like that described by Philalethes and tbe learned 
Morien,* have gone so far as to purchaoc estates for a large sum of money. 

But, unfortunately, every thing is still deficient, and tbe good alchemist dies in the 
hospital, protesting that nothing was wanting to his matter, but an imperceptible 
degree of coction, to render him tbe richest man on the earth. 

In regard to the perpetual lamp of Naples, we shall change our opinion when we 
learn with certainty that it has been tried, and that it has burnt only one year. 


* Two celebrated adeptw 
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